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Thioacids 


Introduction 

A thioacid has an oxygen of its carboxyl group replaced by a 
sulfur atom, while in a mercapto-acid the -SH group has been 
substituted for a hydrogen atom. The reactions of thioacids have 
been reviewed by Tarbell and Harnish.®^® 

As one of the oxygen atoms in an acid, such as acetic, is a 
carbonyl oxygen and the other a hydroxyl oxygen, there should 
be two different thioacetic acids, which may be called thion- 
acetic, CHaCS-OH, and thiolacetic, CHaCO-SH.^a. However, 
only one acid having the composition, C2H4OS, is known. Its 
formula is written CHaCO'SH and it is commonly called thio¬ 
acetic acid. Two arguments have been advanced for this struc¬ 
ture: 

(1) A thiol ester is formed by the action of an alkyl halide on its 
sodium salt: 

CH 3 CO*SNa + RBr CH 3 CO*SR + NaBr 

(2) It is readily oxidised to the disulfide by iodine: 

2 CHaCOSNa + I2 CH3C0S‘SC0CH3 + 2 Nal 

These arguments are not conclusive, since the same results would 
be obtained with an equilibrium mixture of the two tautomeric 
forms: 
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CHgCO'SH CHjCS'OH 

An alkyl halide reacts so much faster with a salt in which the 
metal is joined to a sulfur atom than with the corresponding 
oxygen compound that only the thiol ester would be obtained. 
The thiol form is the only one that can be oxidised to the disul¬ 
fide. Acetic acid and thioacetic have been written so that the 
hydrogen is joined to both oxygen atoms in the one case and to 
the oxygen and sulfur in the other.®^“ 

CHgC^ > CHgC' > 

Radioactive sulfur has been observed to exchange with the sulfur 
of thiolacetic acid. The exchange is believed to proceed through 
the addition of sulfur across the thiocarbonyl linkage.^^ 

Thionacetic and thionbenzoic acids are supposed to have been 
isolated,but this is not generally accepted. As will be 
seen below, the isomeric thiol and thion esters are distinct com¬ 
pounds. These and the thioamides are considered here as de¬ 
rivatives of thioacids, though they are seldom prepared from 
them. 

One thioacid, dimethylhydroxythiolerucic, has been isolated 
from pure cultures of staphylococci.^®^ 

Thioacids 

Thioacetic Acid 
Preparation 

The first preparation of thioacetic acid was by Kekule in 
1854.®*®“’ In his efforts to show the analogies between sulfur 
and oxygen he heated acetic acid with phosphorus pentasulfide 
and got thioacetic acid, though in far less amount than is called 
for by the equation which he so confidently wrote: 

5 CHgCOOH + PgSg 5 CHgCOSH + P 2 O 5 

With acetanhydride instead of the acetic acid the yield was 
about 20%.®®^ Schiff added broken glass to control the reac¬ 
tion.*®® A mixture of 300 g. phosphorus pentasulfide, 300 g. of 
acetic acid, and 150 g. broken glass in a 2-liter flask is heated 
cautiously with a luminous flame. The distillate is collected 
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until the vapor temperature reaches 103®. The product is redis¬ 
tilled and the cut 92-97° taken. This should be 97-100 g. This 
method is the one that has been commonly used since that time.*’ 
388, 681 a Recently more convenient methods have been devised. 

Thioacetic acid has been obtained from lead acetate and anhy¬ 
drous sodium thiosulfate.**® A phenyl ester reacts with sodium 
hydrosulfide: ^®’ ^*® 

CHgCOOPh + NaSH -¥ CHsCOSNo + PhOH 

Acetyl chloride, saturated with hydrogen sulfide at -15°, gives 
a 40% yield. Aluminum chloride promotes this reaction.^* When 
an acid chloride is added to pyridine, which has been saturated 
with hydrogen sulfide, a thioacid is formed. This method has 
been used for making aliphatic thioacids from thioacetic to thio- 
caprylic and for thioadipic and thiobenzoic. ***• Other acid 
binding agents may be employed.*’* 

Thioacetic acid was obtained conveniently on a fairly large 
laboratory scale from hydrogen sulfide and acetanhydride con¬ 
taining 20% of acetyl chloride or bromide.’*® For some unknown 
reason this method has failed to give reproducible results.*’*® A 
semi-works plant was put up to carry out this process, both 
batchwise and continuously.*** A recent study has shown that 
the reaction goes best in the presence of an alkaline catalyst. 
Acetanhydride, containing 2% of sodium sulfide, is shaken with 
hydrogen sulfide under pressure at 50-fi0°. The yield is 60-88%. 
At higher pressures of hydrogen sulfide, acetic acid can be sub¬ 
stituted for the anhydride.’**' ’**“ It has been proposed to add 
acetanhydride dropwise to a cold, stirred solution of sodium hy¬ 
drosulfide and to set free the acid by dilute sulfuric acid.*** In 
another method, acetanhydride and hydrogen sulfide are passed 
over activated carbon at 120-^°.^* Acetanhydride and triethyl- 
amine may be brought into countercurrent contact with hydrogen 
sulfide.^’ Hydrogen sulfide and ketene may be made to unite.’*’* 

316 

From a study of all of the proposed methods, the following, 
which is essentially that of Sjoberg,**’ appears to be the best. 
Acetanhydride, containing 1% of pyridine, is saturated with 
hydrogen sulfide. The temperature should be below 20°, prefer¬ 
ably around 0°, and the contact should be efficient. The intro¬ 
duction of the gas should be continued until a full equivalent 
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has been absorbed. This can be judged by the gain in weight, 
or by the increase in volume or in density of the liquid. It should 
be remembered that the reaction is reversible: 

AcjO + HjjS ^ AeOH + AeSH 

Heating speeds the decomposition and shifts the equilibrium by 
driving off the hydrogen sulfide. The product should be frac¬ 
tionated through a short column at reduced pressure so that the 
thioacetic acid comes over below 50°. A second fractionation 
can be made through a better column. The yield should be above 
80%. 

Reactions 

Thioacetic acid is only moderately stabile. Decomposition 
may begin at 120°. One of the products is carbon oxysulfide.'‘-'‘ 
Thioacetic acid is hydrolyzed by heating with water: 

CHgCOSH + HgO -► CHgCOOH + HgS 

The mechanism of its photolysis has been studied.®^ 

Hydrogen sulfide is given off from a solution of thioacetic acid 
in liquid hydrogen fluoride. The other product may be acetyl 
fluoride, but no fluorine compound has been isolated.^®^ 

Heated with zinc chloride, disproportionation seems to take 
place: 

2 CHgCOSH -► CHgCOOH -|- CHgCSSH 

Then hydrogen sulfide is eliminated and a crystalline compound 
melting at 225° is formed: 

2 CHgCSSH -► C^HgSg + H 2 S 

The molecular formula appears to be C 8 Hi 2 S 6 .^‘‘‘^ A structural 
formula analogous to that of hexamethylene tetramine has been 
proposed.^^® The same product is obtained under the influence 
of hydrogen bromide and when liquid hydrogen sulfide and 
acetyl chloride are heated in a sealed tube.’® Its crystal form is 
orthorhombic.’®® As a cyclic sulfide it was mentioned previously 
in Volume III. 

The sulfur of thioacetic acid is removed quantitatively by 
hydrogen peroxide.®®® Raney nickel converts a thioacid to the 
primary alcohol.®®’ This may be regarded as a reaction of the 
tautomeric thionacetic acid: 
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RCS'OH + 4 H RCHgOH + HgS 

The sulfur may be abstracted leaving acetaldehyde.®^ Hippur- 
aldehyde has been obtained in this way from thiohippuric acid.*®^ 
Bromine added to an ether solution of thioacetic acid gives the 
unstable compound C 6 HioBr 2 S 02 .“® 

The addition of thioacetic acid or of its ammonium salt to 
solutions containing heavy metal ions causes the precipitation 
of the corresponding thioacetates. A number of these salts have 
been described.®®^'*’ Cobalt and ferric thioacetates can be ex¬ 
tracted from aqueous solution by an organic solvent such as amyl 
alcohol. These extracts have characteristic colors, blue for cobalt 
and red for ferric iron.^®® The heavy metal thioacetates are un¬ 
stable ®®^ and are hydrolyzed readily into acetic acid and the 
sulfides of the metals. Or, what amounts to the same thing, the 
hydrogen sulfide from the decomposition of the thioacetic acid 
precipitates the metals as sulfides.®®® This is the basis of its use 
in qualitative and quantitative analysis in place of hydrogen 
sulfide. This has been strongly recommended.®^^’ ®®® It is far 
more convenient to add a few drops of a liquid to a solution 
than to bubble gas through it. This is particularly advantageous 
in dealing with small quantities of metals.^®'^ It has been used 
for the quantitative precipitation of arsenic sulfide.®®*’*®’ ®-®’ ®®'* 
Thioacetic acid may be determined volumetrically by titrating 
the zinc sulfide formed from it with permanganate.®®^ 

Mixed salts have been prepared, such as MeC 0 SBiS 04 , (Me- 
COS) 2 BiI, and MeCOSBil 2 . Bismuth thioacetate, (MeCOSlsBi, 
m. 85°, boiled with water, gives MeCOSBiS. Various arsenic 
complexes have been described.®®^® Mercuric thioacetate-chlo- 
ride, MeCOSHgCl, is decomposed by water with the formation 
of aldehyde and acetic acid.®^® In addition complexes of nickel 
and zinc salts of thioacids with pyridine, the pyridine N is at¬ 
tached to the metal.^^^ 

In dry ether an addition product is formed with potassium hy¬ 
droxide.^^® 

The most interesting reaction of thioacetic acid is its ready 
addition to unsaturates.®^’ ®®’ ^®®“’ ^®®’ ^®®®’ ®®®’ ®®® An example of 
this is its addition to acrylonitrile.^®®* In this it exhibits its mer¬ 
captan character, but in activity it far surpasses most mercap- 
tans. Usually the addition takes place spontaneously and com¬ 
pletely. With styrene the reaction is: ®®^ 
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PhCH:CH2 + HSCOCH3 -*■ PhCH2CH2SCOCH3 

The product is the P-phenethyl ester of thioacetic acid and is 
identical with that from phenethyl mercaptan and acetyl chlo¬ 
ride; 314c. 360 

PhCH2CH2SH + CICOCH3 PhCH2CH2SCOCH3 -|- HCI 

The addition goes contrary to Markownikow’s rule. The addition 
of hydrogen sulfide, which was mentioned in chapter 1, Volume I, 
looks much simpler but is far more difficult to effect. As the 
thioacetic acid addition product is an ester which is easily hydro¬ 
lyzed to a mercaptan, this is a choice way of preparing a mer¬ 
captan. As has been mentioned in chapter 5, Volume I, many 
mercapto-acids have been made from the addition products of 
thioacetic acid to unsaturated acids.^i®. 229 , aie, 642b, 623 
With butylacetylene, the addition takes place in two stages to 
form BuCH:CHSAc and BuCH(SAc)CH2SAc.32 With phenyl- 
acetylene, only one product, PhCHrCHSAc, is formed.^i^^ With 
butadiene, it goes in two stages.^®® 

The addition of aliphatic thioacids to Diels-Alder adducts 
gives bicydo ( 2 , 2 , 1 ) heptane derivatives.*^ 

Thioacetic acid, anthracene, and oxygen give the diacctyl de¬ 
rivative of 9,10-dimercapto-9,10-dihydroanthracene. The disul¬ 
fide, MeCOS'SCOMe adds in the 9 and 10 positions.^*^ 

Thioacetic acid has been added to 2-phenyl-4-benzilidene- 
5(4H)oxazolone and to its isopropylidene analog.^®^ Thioacetic 
acid can be added to unvulcanized rubber.^*"® By adding thio¬ 
acetic acid to a polymer, such as natural rubber, and hydrolyzing 
the acetyls, mercapto groups are left on the polymer.^34 

Ethylene oxide reacts with thioacetic acid to give the (5-hy- 
droxyethyl ester, CH 3 COSCH 2 CH 2 OH. When this is heated with 
water it isomerizes to the mercaptan, CH 3 COOCH 2 CH 2 SH, 
which gives a mercury mercaptide, (CH 3 COOCH 2 CH 2 S) 2 Hg.® 3 i 
This is a case of alcoholysis in which an alcohol replaces a mer¬ 
captan. With epichlorhydrin the product is CH 3 COSCH 2 CH- 
(OH)CH2C1.«®i 

On mixing thioacetic acid (or other thiol acid) and ethylene 
imine, the amide, CH 3 CONHCH 2 CH 2 SH, is formed, which can 
be readily hydrolyzed to the aminomercaptan.32-3, 32.4 

The mercaptan nature of thioacetic acid is shown by its reac¬ 
tion with an aldehyde: ^®- 3 . 76» 
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PhCHO + 2 HSCOCHg -*■ PhCH(SCOCH 3)2 + HgO 

Thioacetic acid distilled at atmospheric pressure with triethyl 
amine gives (MeCOS) 2 CHMe.*® ® The formation of thiobenzo- 
phenone by the action of thioacetic acid on diphenylmethylene 
chloride may involve a similar intermediate: 

PhjCCIj + 2 HSCOCHg -*■ Ph2C(SCOCHg)2 Ph 2 CS 

This has been discussed in volume III under Thioketones and 
under Mercaptals and Mercaptoles. 

Thioacetic acid reacts rapidly with aromatic amines: 

CHgCOSH + NHgCgHg CHgCONHCgHg + H 2 S 

It is necessary to boil a-naphthylamine for several days with 
acetic acid to prepare its acetyl derivative, but with thioacetic 
acid the reaction is spontaneous and complete.®®® As acetylation 
takes place, even in aqueous solution, it may be regarded as a 
model of the biological alkylation of coenzyme-A.®®® Instead of 
the free acid its phenyl ester may be used. It acetylates pan¬ 
tetheine®®® and glutathione.’^ 

Thioacids, or their phenyl esters, have been employed in build¬ 
ing up polypeptides.’®*' ®*®' ’®® Thus two molecules of phenyl thio- 
glycine condense: 

2 H2NCH2COSPh H2NCH2CONHCH2COSPh + PhSH 

This used with valine gives diglycylvaline.’®^ Ethyl trifluorothiol- 
acetate has been used to introduce the trifluoroacetyl group into 
amino acids and peptides.®’® 

Thioacetic acid reacts with cyanoguanidine to give a high yield 
of methyliminothiotriazine.®^® These reactions are related to 
those discussed in a later section on the biological importance of 
thiol esters. 

Thioacetic acid combines with a thiocyanate to give a dithio- 
urethane which loses thiocyanic acid, leaving a thiol ester; 

MeCOSH + RSCN -*■ M«CONHCSSR 

MeCONHCSSR -*■ M«COSR + HNCS 

With an isothiocyanate a substituted amide is formed: 

M*COSH + RNCS ->■ MeCONHR + CS2 

This is a general reaction for aromatic as well as aliphatic thio- 
acids.®®’* ’®®*' ’®®’ ’^® 
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Thioacetic acid gives an abnormally small molecular lowering 
in freezing acetic acid.^*’ Substitution of the -SH group for 
the -OH of an acid increases the dissociating power and about 
doubles the dielectric constant, which for thioacetic acid is 
12 8° 704a ^ later value is 17.3° at 21°.’®^ The mobility of the 
thioacetic anion has been measured.^®® The specific conductivity 
of this acid in liquid hydrogen sulfide is 2.96 X 10".®®” The con¬ 
ductivity of tetraethyl ammonium iodide in thioacetic acid has 
been measured.^®®* The infrared ^®®- and Raman spectra 
have been studied. The magnetic susceptibility is 418 X 10“^ 
and the diamagnetic susceptibility, —38.40 X 10“*.®®® The latter 
indicates the thiol structure, CHaCO'SH, for the acid without 
any resonance in the carbonyl group.*'*^*’ The absorption curves 
agree with this structure for the acid but point to a mixture of 
thiol and thion forms for the potassium salt.®”® The ultraviolet 
absorptions of CH3COSH, CICH2COSH, CI2CHCOSH, and 
CI3CCOSH have been compared.®^®’ ^®® The distribution of thio¬ 
acetic acid between ether and water at 25° is 1 : 0.84.®®^ 
Thiobetaine has an amphoteric polar structure.*”^ 

Thioacetic acid increases the liberation of iron from the hemo¬ 
globin of the blood.®^” Its magnesium salt has been suggested as 
an antidote in mercury poisoning.^'® The strontium salt has been 
recommended for chronic lead and mercury poisoning.^®® Thio¬ 
acetic acid lowers the blood sugar in rabbits.®*® The lethal dose 
for mice is 0.125 mg. per gram of body weight.®^ 

Thioacetic acid has been claimed as a promoter of separation 
in flotation ®*® and as a fumigant against the rice weevil.®*® 

Acetyl Sulfide 

By heating acetanhydride with phosphorus pentasulfide, 
Kekule got acetyl sulfide, (CH 3 CO) 2 S.^®’®®®® It was later made 
by heating lead thioacetate to 150°: ®®® 

(CH3COS)2Pb ^ (CHgCOjS -f PbS 
Acetyl chloride reacts with potassium sulfide: 

2 CH 3 COCI + KgS ^ (CH 3 C 0 ) 2 S + 2KCI 

It was obtained also from bismuth and arsenic salts.®”^' All of 
these preparations boiled at 120-1° and were not pure. The pure 
compound has been made from lead thioacetate and acetyl chlo- 
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ride.^** It is formed in 90% yield when thioacetic acid and acetyl 
chloride are refluxed together.’^ Similarly, chlorothioacetic acid 
and chloroacetyl chloride give the sulfide, (C1CH2C0)2S.^® Acetyl 
sulfide is formed by the action of liquid ketene on liquid hydro¬ 
gen sulfide,^*®' or when they are passed over an alumina cata¬ 
lyst in gaseous form.^®^ Bubbling ketene through thioacetic acid 
at 60® gives the anhydride.^®*** Only symmetrical compounds of 
this type are stable.®^® The possibility of an acetyl sulfide was 
considered by Berzelius.®* 

Acetyl sulfide is insoluble in water and not affected by cold 
water, but in hot water, it is hydrolyzed to acetic and thioacetic 
acids.^*® It is oxidised by nitric acid to acetic and sulfuric 
acids.®^^ Raney nickel reduces it to acetaldehyde.^^ 

Acetyl disulfide, (MeC02)S2, is obtained by treating thioacetic 
acid with iodine®®® and also by electrolysis.^®® It is reduced to 
the acid by sodium arsenite. It gives up sulfur to potassium 
cyanide.^^^ 

Acetyl trisulfide, (MeC02)2S3, has been made from acetyl chlo¬ 
ride and hydrogen trisulfide with zinc chloride. It is unstable, 
and is decomposed by water into acetic and thioacetic acids and 
hydrogen sulfide.®® 

Silver acetate and sulfur dichloride give the disulfide, (CH3- 
COOS )2 which, on standing, decomposes into acetanhydride and 
sulfur dioxide.^^® 

Acetyl sulfide has been chlorinated in carbon tetrachloride at 
-15®. The primary reaction seems to be: 

MeCOSCOM* + CIg -♦ M*COSCI + CICOMe 

Higher sulfur compounds, MeCOSxCl, are also formed. Benzoyl 
tetrasulfide gives PhCOS 2 Cl and PhCOS 4 Cl.’^ Chlorination of 
acetyl disulfide, under similar conditions, gives the disulfide chlo¬ 
ride, ACS 2 CI. This adds to ethylene to form ACS 2 CH 2 CH 2 CI, bi» 

llS-20®.^2 

These acyl sulfur chlorides react with mercaptans: 


AcSCI 

+ 

EtSH 

AcSgEt -h HCI 



AcSCI 

+ 

PhSH -*■ 

AcSjPh + HCI 



AcSCI 

+ 


AeSgCu^H^-p 

+ 

HCI 

AcS^CI 

+ 

EtSH 

AeSgEt + HCI 



ACS2CI 

+ 

PhSH -♦ 

AcSjPh + HCI 



ACS2CI 

+ 

p-CioH^SH 

AeSgCioH^-p 

+ 

HCI 
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Analogous benzoyl derivatives are obtained similarly. These go 
up to BZS 4 CI and BzSsR.'^^ 

Thioformic Acid 

Thioformic acid has not been isolated. The action of sodium 
trithiometaphosphate, NaPSa, on formic acid gives a product 
which seems to contain a thioacid. From phenyl formate the 
sodium salt is obtained: 

HCOOPh + NoSH HCOSNa + PhOH 

Its hydroxylamine derivative, HC(:NOH)SH, is formed by the 
action of hydrogen sulfide on mercury fulminate,and from 
chloroform with sodium sulfide and hydroxylamine.^^^** It de¬ 
composes in two ways: 

HC(:NOH)SH HSCN -f HgO 

HC(:NOH)SH HSCONH 2 NH 3 -f COS 

Other TniOAcros 

Thiopropionic acid has been made by the phosphorus penta- 
sulfide method.^*® So have thio-i-butyric, and thio-i-valeric.®®^ 
Thiopropionic acid has been prepared by the Grignard reaction 
using carbon oxysulfide.'^^^ Thiomyristic and thiopalmitic acids 
have been prepared from the phenyl esters.^® Chlorothioacetic 
acid has been made from the acid chloride and hydrogen sulfide 
in the presence of aluminum chloride.^® 1-Phenylcyclopentane- 
thiocarboxylic acid is obtained from the reaction of the acid chlo¬ 
ride with potassium hydrosulfide. With potassium sulfide, the 
product is the thioanhydride. The acid is oxidised to the disulfide 
by ferric chloride.^^^ Thiocamphoric acid has been prepared from 
the anhydride and sodium trisulfide.®®* An optically active thio¬ 
acid, D-MePrCHCOSH, has been studied along with the L-acid.'*®* 

An efficient general method of preparing thioacids is the reac¬ 
tion of hydrogen sulfide on the mixed anhydride, RC0*0*C0*0Et, 
in the presence of a tertiary amine: ’®*' ’®® 

RCO‘0*COOEt + HSH -* RCOSH -f HO'COOEt 

The unstable monoethyl carbonate does not interfere. 

A highly branched thioacid can be obtained by the alkaline 
hydrolysis of the trithione from diisobutylene.®*® 

Several thio amino acids, such as thio-P-alanine, thioglycine. 
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thioalanine, thiovaline, thioisolcucine, and thiomethionine, have 
been prepared by the reaction of the thiophenol ester with hydro¬ 
gen sulfide.’®^’ 


Dibasic bis-THiOACins 

6 is-Thio-oxalic acid, (COSH) 2 , has received attention on ac¬ 
count of its ability to form highly colored double salts such 
as;36e,6»7 K2Ni(COS)4, BaNi(C0S)4-H20, PbNi(COS)4-2 H 2 O, 
(NH4)2Ni(COS)4‘4 H 2 O, Na 2 Ni (COS) 4-2.5 H 2 O, (PhNH 3 ) 2 Ni- 
(COS)4,K2Pd(COS)4, BaPd(C0S)4*3H20, (PhNH3)2Pd(COS)4, 
(PhNH3)2Fe(C0S)4-H20, BaKCo(COS)6-4 H 2 O, K 3 Co(COS)e-- 
2 H 2 O, (PhNH3)3Co(COS)o*2 H 2 O. From the barium salt, the 
complex acid, H2Ni(COS)4*4 H 2 O, can be prepared. Its solution 
has a higher conductivity than one of sulfuric acid of the same 
normality. The palladium complex acid, H2Pd(COS)4-3 H 2 O, is 
similar.*®®* The nickel-potassium salt is isomorphous with the 
corresponding platinum and palladium complexes. They all appear 
to have planar configurations.^®®* This nickel salt has a magenta 
color and can be used for the colorimetric detection and deter¬ 
mination of nickel. *®®' ®*® The best results are with a 0.05% 
solution of the potassium salt, K 2 C 2 O 2 S 2 , and a nickel concentra¬ 
tion of 10 mg. per liter.’** The potassium nickel dithiomalonate 
is also colored and can be detected in 4,000,000 parts of water, 
which is to be compared with 40,000,000 for the corresponding 
dithio-oxalate.*®®® 

Phenyl succinate reacts with potassium hydrosulfide: 

(•CH2COOPh)2 -H 2 KSH -♦ (•CHjCOSIOi + 2 PhOH 

The free acid loses hydrogen sulfide: 


CHjCOSH 

This is soluble in water and alcohol. From succinyl chloride and 
sodium sulfide, the same compound has been obtained.’®*’ 
This is identical with the product from succinic acid and phos¬ 
phorus pentasulfide.’®* It gives a diphenylhydrazide with phenyl- 
hydrazine.’®* 

Diphenyl azelate reacts similarly: 

CH2(CH2CH2CH2C02Ph)2 + 2 NaSH -♦ CH 2 (CH 2 CH 2 CH 2 COSH )3 + 2 PhONa 


CHjCO^ 


rHjCO 




:s + Hjs 
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The disulfide, which is an oil, is obtained from the sodium salt 
and iodine.*^ 

Dithioacids from dithiomalonic to dithiosebacic,^^ 
and many others,^^"* have been prepared from the acid chlorides 
and hydrogen sulfide in pyridine. These acids, like their mono¬ 
basic analogs, combine with unsaturates to give the abnormal 
addition products. With simple olefins, the addition is catalyzed 
by peroxides, while with conjugated systems it is base-cata¬ 
lyzed.^^® 

A monothio dibasic acid is formed when sodium hydrosulfide 
reacts with the anhydride of succinic, or glutaric, acid.'*^^ 

Aromatic Thioacids 

The best known aromatic thioacid is thiobenzoic, which has 
been made from benzoyl chloride and potassium hydrosulfide.^^^’ 

227, 243, 299, 421, 575a, 646 

Its preparation has been described recentlyThe p-fluoro- 
and p-nitro- 2*®- acids have been made similarly. Magne¬ 

sium hydrosulfide, from ethyl magnesium bromide, has been sub¬ 
stituted for the potassium hydrosulfide.'*®* Thiobenzoic acid also 
has been prepared by the Grignard reaction, using carbon oxy- 
sulfide.®*® 

Thiofuroic ®®® and thionicotinic -®® acids have been made 
from the chlorides and sodium hydrosulfide. This is a general 
method.***’ ®*®’ ®®® Treating a mixed aromatic-aliphatic anhydride 
with hydrogen sulfide gives the aromatic thioacid.*®* 

Thiobenzoic ®*®® and thiofuroic acids go to the disulfides, 
(ArCOS) 2 , on exposure to air. Thiobenzoic acid has been oxidised 
to the disulfide by iodine,®*®’ *®® by hydrogen peroxide,*®®’ ®*® 
by ferric chloride,*^* by sulfur monochloride,*-®® by ferricyan- 
ide,^*® by triethyl amine,*® ® and by electrolysis.*®® Thionicotinic 
acid gives the disulfide with iodine.*® The acid disulfides can be 
obtained directly from the acid chlorides and sodium disulfide ®®’ 
87, 245 yj. hydrogen disulfide.®® p-nitrothiobenzoic acid can be 
oxidised to the disulfide by ferric chloride.®** From bis-thio- 
terephthalic acid, the polymeric disulfide has been obtained by 
oxidation with iodine.*** 

On heating, benzoyl disulfide decomposes. Some of the prod¬ 
ucts are benzoic acid, sulfur, hydrogen sulfide, and probably 
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tetraphenylthiophene.^^* With potassium hydroxide, it gives po¬ 
tassium benzoate, thiobenzoate, and sulfur,^^® while with am¬ 
monia the products are benzamide, ammonium thiobenzoate, and 
sulfur.^^^’ 2^® 

Benzoyl chloride and sodium sulfide give the monosulfide, or 
thioanhydride, (PhCOlaS.®®'An important by-product is 
PhCH(SCOPh) 2 , which can be made also from the acid and 
benzaldehyde.®® From benzoyl chloride and hydrogen sulfide in 
pyridine, one author reports the thiobenzoic acid, PhCOSH,*'^* 
and another the dithioanhydride, (PhCS)20.^^® Phthalic anhy¬ 
dride and sodium sulfide give the thioanhydride, C«H 4 (CO) 2 S.®’® 
Phthaloyl chloride gives a mixture of products,^^®®* one of 
which is supposed to be the disulfide.‘“® From pyromellitic acid 
and sodium sulfide, the dithioanhydride, S(CO) 2 C 6 H 2 (CO) 2 S, is 
obtained.®®^ The polymeric thioanhydride from 6is-thiotereph- 
thalic acid has been made from the acid chloride.^^^ From acetyl 
chloride and thiobenzoic acid, a mixed thioanhydride, PhCO'S*- 
COMe, is obtained.^®^ 

Benzoyl chloride and hydrogen trisulfide give the disulfide in¬ 
stead of the trisulfide, but the trisulfide may be gotten from po¬ 
tassium thiobenzoate and sulfur dichloride, Phenylacetyl tri¬ 
sulfide is obtained from the chloride and hydrogen trisulfide. It 
loses a third of its sulfur readily.*® 

Phthalide and sodium hydrosulfide give either the thiophthal- 
ide or o-carboxybenzyl disulfide.^® 

Thiobenzoic acid, like thioacetic, reacts with aniline: 

PhCOSH + H2NPh PhCONHPh -f H2S 

This reaction is many times more rapid than the corresponding 
reaction with benzoic acid.®^*“ A kinetic study has been made of 
this reaction.^®® 

Thiophenylacetic acid, PhCH 2 COSH, can be made in the same 
ways as thiobenzoic. The free acid is oxidised by air to the di¬ 
sulfide, which can also be made from the sodium salt and iodine.*®* 

Nickel carbonyl is formed by the action of carbon monoxide on 
nickel thiobenzoate.*®^ 

Addition of a small proportion of a monothiol acid to natural 
rubber decreases the tendency to crystallize at low tempera¬ 
tures.®®®-® 
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Esters of Thioacids 

As was mentioned in the introduction, there are two isomeric 
esters of a thioacid, though the acid is known in only one form. 

CHgCO'SEt CHgCS'OEt 

Ethyl thiolacetate Ethyl thionaeetate 

Neither of these is regularly made by the direct esterification of 
thioacetic acid and neither gives the thioacid on saponification, 
yet they are considered in this chapter on account of formal rela¬ 
tionships. 

Traditionally esters are named as derivatives of the acids 
along with their salts. In the early days of structural chemistry, 
ethyl acetate was regarded as acetic acid in which the hydroxyl 
hydrogen had been replaced by the ethyl radical. This made it 
look like sodium acetate. 

CHgCOOH CHgCOONa CHgCOOCjHg 

Acetic acid Sodium acetate Ethyl acetate 

In the chemical literature of the last century esters were fre¬ 
quently called “ethereal salts.” In French “ether-sels” has lin¬ 
gered. In his lectures Remsen habitually used that term. 

It is now recognized that ethyl acetate is ethanol in which 
the hydroxyl hydrogen has been replaced by the acetyl group 
and should be called acetylethanol. The study of the esterifica¬ 
tion of mercaptans was an important factor in establishing this 
view.*^^®® Ethyl thioacetate is the acetyl derivative of mercaptan. 

Both thiol and thion esters of organic acids will be considered 
in this chapter, while esters of inorganic acids have been taken 
up in chapter 3, volume I. 

Thiolesters, RCOSR' 

Preparation 

Whether hydrogen sulfide or water is eliminated in the esterifi¬ 
cation of an alcohol by thioacetic acid depends on the nature of 
the alcohol. Normally hydrogen sulfide is given off and the 
product is exclusively, or predominately, the oxygen ester. When 
the hydroxyl of the alcohol is labile, as it is in triphenylcarbinol, 
a thiol ester may be formed; 
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M^gCHOH + CHgCOSH ^ CHgCOOCHMeg + HjS 
PhgCOH + CHgCOSH ^ CHgCOSCPhg + HgO 

With methanol, or ethanol, 78% of the ester is acetate and 22% 
thioacetate The 6is-thioacetate, OC(NHCH 2 SCOMe) 2 , is 
formed from dimethylolurea.^®®**’ It has been known for a 
long time that the esterification of thiobenzoic acid gives a sulfur- 
free ester: 

PhCOSH + EtOH -♦ PhCOOEt + HgS 

According to Henry’s hypothesis, the first step in esterification 
is the addition of the alcohol to the acid to form an intermediate 
from which water is eliminated: 

OH OH O 

RC^ -I- BOH ?± RC~OH RC^ -f HjO 

^O OB ^OB 

AVith a mercaptan the intermediate would be either: 

OH ,OH 

I RC—OH or II RC^SH 

^SB OB 

Which of these is formed would depend on whether the mercaptan 
divides into EtS-H or Et-SH in the adding. Intermediate I 
could lose only water, while II could lose either water or hydro¬ 
gen sulfide. Experiment showed that ethyl thiolbenzoate is the 
product from benzoic acid and mercaptan. This was taken as 
implying that ethanol divides EtO-H and that the oxygen of 
the alcohol enters the ester.®^®* Later experiments with an alco¬ 
hol containing 0^* confirmed this view.®** 

The esterification of ethyl mercaptan by acetic, propionic, or 
benzoic acids proved to be reversible: 

RCOOH -1- HSB ?± RCOSB + HgO 

The esterification limits, for equivalent amounts, were deter¬ 
mined for several mercaptans and found to be in the same order 
but much lower than for the corresponding alcohols. Some of 
the results are in Table 1.1. 

The limit is considerably higher with methyl mercaptan than 
with ethyl and propyl, which are about equal.^^^’ ®®* With the 
three toluic acids and ethyl mercaptan, the velocities are quite 
different but the limits are nearly the same.*^^ 




26 


Organic Chemistry of Bivalent Sulfur 


Similar relationships hold in esterification with alcohols. There 
are great differences in the esterification velocities, but the limits 
are practically the same, usually slightly higher for the slow 

Table 1.1 

Esterification Limits 



Benzoic Acid ®®® 

Acetic 

Propionic 

Temperature 

220 ° 

243° 

200 ° 

200 ° 


% 

% 

% 

% 

MeSH 

18.7 

19.6 

16.2 

15.3 

EtSH 

14.7 

15.4 

13.0 

11.6 

PrSH 

14.1 

15.1 

12.7 

11.3 

t-BuSH 

— 

12.7 

12.1 

10.9 


acids. With benzoic acid at 200° the limit, 8.9%, for s-butyl 
mercaptan is much lower than the 14.4% for n-butyl and 13.6% 
for i-butyl.*^® 


Table 2.1 

Percentage Esterification by Ethyl Mercaptan 


Acid 

1 Day 

% 

2 Days 
% 

16 Days 
% 

o-Toluic 

1.94 

2.65 

14.01 

m-Toluic 

6.98 

8.81 

13.33 

p-Toluic 

3.03 

4.27 

13.36 


The limits are so low that it is not practicable to esterify the 
mercaptans without removal of the water. The esterification of 
a mercaptan by an acid, with sulfuric acid as catalyst and water 
take off, is claimed.®* Little is known about catalysts for this 
esterification. Sulfuric acid seems a poor choice since it oxidises 
mercaptans to disulfides. The esterification of mercaptans of six 
and of seven carbon atoms by p-nitrobenzoic acid is claimed."*®^* 
Various other ways of making thio-esters have been found.^®® 
An important one is the addition of thioacetic acid to an olefin, 
mentioned earlier. 
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Ethyl thiolformate results from the reaction of sodium mer- 
captide with phenyl formate: 

HCOOPh + NoSEt HCOSEt + NaOPh 

It can be obtained from a trithio-orthoformate and an alde¬ 
hyde: 

HC(SEt)3 + CH3CHO HCOSEt + CH3CH(SEt)2 

An imino ester, from which a thiolformate may be obtained by 
hydrolysis, is formed from a mercaptan and hydrocyanic acid in 
the presence of hydrogen chloride: 

Etth + HCN -I- HCI HC(:NH)SEfHCI HCOSEt 

The hydrolysis is effected by dilute hydrochloric acid: 

HC(SEt)iNPh + HjO + HCI HCOSEt + PhNH 3 CI 

Thiolacetates have received the greatest attention. The first was 
supposed to have been made by Kekule^*®* by heating ethyl 
acetate with phosphorus pentasulfide, but his product boiled at 
80° instead of 116°. This method has given better results with 
the chloroacetates.^”"* A mercaptan reacts readily with an acid 
chloride: 

CH 3 COCI + HSEt CH 3 COSEt + HCI 

The chlorides of perfluoro^®^ and of steroid acids ^®®' 
react satisfactorily with mercaptans. Unless the mixture is well 
cooled, a volatile mercaptan may be carried away by the hydro¬ 
gen chloride that is evolved. The acetyl chloride is added slowly 
to the strongly cooled mercaptan. The mixture is kept cold for 
a time and then let stand at room temperature for several days.®®* 
It may be heated eventually. This is a general method for 
aliphatic and aromatic acid chlorides with mercaptans of both 
classes. '*®’ ®®®’ ®®®’ The 

reactants may be mixed in pyridine.®®* ^^®* ^^®* Tribu- 

tylamine has been mixed with the very volatile methyl mercaptan 
before adding the acetyl chloride.®*® Sodium mercaptide may 
be substituted for the free mercaptan.^®** *^^ A mercury mer¬ 
captide has been so used.®** Lead mercaptides have been caused 
to react with acetyl chloride ®*^’ and with benzoyl chlo- 

ride.^*^' *^2 The lead mercaptide is precipitated from alcohol solu¬ 
tion, washed with ether, and dried in a vacuum desiccator. It is 
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treated with cold acetyl chloride in a flask immersed in an ice- 
salt mixture.®*^ The mercaptan may be made to react with a 
Grignard reagent and then with acetyl chloride: 

CH3COCI + EtSMgl -> CHgCOSEt + MgICI 

Selenolesters may be made similarly; 

CH3COCI + EtSeMgl CHgCOSeEt + MgICI 

The para-nitro benzothiol ester of vitamin Bi has been prepared 
using para-nitro benzoyl chloride and the vitamin.^^® Chlorides 
of aminoacids have been used with mercaptans and amino- 

mercaptans with acid chlorides.^®^- ^ 2 ® The mercaptan 

may be refluxed with acetanhydride containing sodium acetate.^^®* 
This is suitable for high boiling mercaptansJ^® Zinc chlo¬ 
ride is added when the mercaptan is tertiary.®®® The mercaptan 
may be dissolved in 33% sodium hydroxide to which shaved ice 
and a slight excess of acetanhydride are added. The mixture is 
stirred vigorously for five minutes and the ester separated. This 
method is suitable for the lower mercaptans which are readily 
soluble in aqueous alkali The bis-thioacetate of trimethylene 
dimercaptan has been prepared by refluxing it with acetanhydride 
and a catalytic amount of pyridine.®^^ Liquid ketene and mer¬ 
captan, kept at -80° for 3 days, give a high yield of the thiol 
ester: ^®^’ ®®® 

HgC.CO + EtSH CHgCOSEt 

Ketene reacts with the mercaptans in petroleum distillates.^® It 
may be used in the presence of an organic acid anhydride and a 
catalytic amount of sulfuric acid.^** 

Phenyl acetate, like phenyl formate, reacts with sodium mer- 
captide: 

CHgCOOPh -f- EtSNa -*■ CHgCOSEt + PhONa 

Thiolacetates are made from tertiary butyl and dodecyl mer¬ 
captans and nitriles by forming the iminoesters and hydrolyz¬ 
ing; ®®® 

MeCN + RSH -f- HCI -*■ MeC(:NH)SR*HCI 
MeC(:NH)SR -|- HgO M«COSR -|- NHg 

This method has been used for thiolbenzoates.®^^ From a dini¬ 
trile, such as adiponitrile, and a dimercaptan, a linear polymer 
may be obtained.^^^ 
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Acetylation of thiophenol, under Friedel-Crafts conditions, 
gives the thiolacetate, PhSAc, instead of the acetylthiophenol, 

ACC6H4SH28 

Acetyl chloride and ethylene sulfide give p-chlorethyl thio- 
acetate, MeCOSCH2CH2Cl.^ A thiolester can be obtained from 
isobutylene sulfide and acetanhydride and from isobutylene oxide 
and thioacetic acid, though in the latter case it is not the sole 
product.^*^ 

The phenyl ester of chlorothiolacetic acid can be obtained 
from chloracetyl chloride with thiophenol and cold aqueous 
alkali.^®* The ester, EtSCH2COSEt, resulted when both chlor¬ 
ine atoms were caused to react.®®^ 

The y-thiolactone of valeric acid has been prepared from the 
lactone and phosphorus pentasulfide. Some of it went on to the 
dithiolactone.^^® 

A thioanilide and an alkyl halide form an iminoester which 
may be hydrolyzed to a thiolester: 

RBr + CH3CSNHPh -* CH3C(SR):NPh -* CH3COSR 

An important method of preparing thiolesters is the reaction 
of an alkyl halide with the salt of a thioacid: 

CH3COSNa + RBr -* CH3COSR + NaBr 

This has been of service in preparing thioacetates of carbohy¬ 
drates from bromine derivatives.®^^* As the thioacetates 

are readily hydrolyzed, this is a method of obtaining mercapto- 
carbohydrates. Other mercaptans have been prepared in this 
way.^®2, 626, 635 jg convenient way to make the thiobenzo- 

ates.*2, 226, 243, 269, 286, 286, 376, 553,675a, 611, 718b, 724 Jjgg been USed 

for making esters of thionicotinic acid.^®® 

An alkyl sulfide heated with acetyl bromide, or iodide, gives a 
thiolester, probably by way of a sulfonium compound: 


CH, 




CH^ 


;s + 


Br 

I 

C0CH3 


CHs ^ Br CHjBr 

CHf ^COCHg CH3SCOCH3 


Thioacrylic esters, CH2:CHCOSR,®^® may be prepared from 
acetylene, carbon monoxide, and a mercaptan.®®i Thioesters of 
methacrylic acid have been prepared through the acid chloride.^^® 
A curious case is the self-esterification of thiosalicylic acid, 
o-mercaptobenzoic acid. When it is treated with phosphorus 
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pentoxide cyclic esters are formed from two, three, or four mole¬ 
cules: 



Lauryl monothiosuccinate, HO2CCH2CH2COSC12H26, can be 
obtained from succinic anhydride and lauryl mercaptan.^^® 1 , 6 - 
Hexamethylenedithiol reacts with two molecules of succinic, 
glutaric, and phthalic anhydrides to give esters of the correspond¬ 
ing monothioacids."*^** A monothio-oxalate ester can be prepared 
from the ester chloride: 

EfOCO’COCI -I- HSEf -* EfOCO'COSEf -|- HCI 

Oxalyl chloride and mercaptans, or mercaptides, give esters of 
dithio-oxalic acid."*®®’ With alcoholic potassium hydrosulfide 
these yield potassium dithio-oxalate: 

(•COSEf) 2 . -I- 2 KSH (•C0SK)2 -|- 2 EtSH 

Similarly from malonyl chloride and from succinyl chloride, di- 
thioesters CH2(COSEt)2, CH2(COSPh)2, (•CH2COSEt)2, and 
(•CH2COSPh) 2 are obtained. These esters are colored. This may 
indicate the presence of some of the tautomeric form which con¬ 
tains the strong chromophore :C:S.®®^ The ethyl thiolesters of 
succinic and citric acids have been made from the phenyl esters 
and the mercaptide: 

C2H4(COOPh)2 -I- 2 NoSEf C2H4(COSEf)2 -|- 2 NaOPh 

C 3 H 4 (OH)(COOPh )3 -I- 3 NoSEf C 3 H 4 (OH)(COSEt )3 -|- 3 NoOPh 

By a remarkable reaction diethyl tetrafluoro-bis-thiosuccinate 
is formed from the mercaptan and perfluorobutyrolactone: 

^4^602 + 2 HSEf EfSCOCF2CF2COSEt -|- 2 HF 

The addition of bisthio dibasic acids to olefins has been re¬ 
ported; 6 is-thioglutaric and bis-thiosuberic acids added to cyclo¬ 
hexene to give the dicyclohexyl esters.*®® 

Polymeric thioesters have been prepared by the addition of 
dibasic thioacids, such as thioadipic, to diallyl and by the reac¬ 
tion of acid chlorides on dimercaptans with,^*^ or without, pyri- 
dine.^^®’ A polymeric trimethylene thiophthalate had been 
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made much earlier but had not been recognized as such.^^ The 
formation of such polymeric esters by the addition of 6ts-thio- 
adipic and 6is-thiosuberic acicb to biallyl has been examined to 
find the relations of the properties of the polymers to the condi¬ 
tions in emulsion polymerization.^^^* With 6ts-thioaromatic 
acids the slow addition reaction was overshadowed by the rapid 
oxidation.^^^’ 

When phthalic anhydride and thiophenol are heated together 
and the product treated with phosphoric anhydride, two products 
are formed which appear to be the symmetrical and unsym- 
metrical derivatives: 

.COSPh .C(S^)3 

XOSPh 

The unsymmetrical one is obtained from phthaloyl chloride with 
lead phenyl mercaptide or with phenyl thioacetate and alu¬ 
minum chloride.^*^ 

Phthalic thioanhydride and sodium sulfide unite to form sodium 
6is-thiophthalate, C0H4(COSNa)2, which can be alkylated to the 
esters, C6H4(COSR)2. The thioanhydride, a sodium alkylate, 
and an alkyl halide give the unsymmetrical ester: 

CeH4(CO)2S + RONo -f R'l ■* CgH^CCOSROCOjR + Nal 

Reactions 

A thiol ester is hydrolyzed rapidly: 

CHsCOSe + HjO ^ CH3COOH + HSEt 

CHsCOSe + NaOH ^ CH3COON0 -f- HSEt 

As little as 0.75 mg. of CHgCOS" may be determined by alkaline 
hydrolysis and measuring the absorption at 546 mp after the addi¬ 
tion of sodium nitroprusside.'*®®* Phenyl thiolacetate may be ana¬ 
lyzed by estimating the thiophenol which is set free.^®® Several 
studies have been made of the kinetics of the hydrolysis.^®®’ ®®®’ 
Phenyl thioacetate is hydrolyzed more slowly than phenyl acetate 
in acid medium, but in alkaline the rates are about the same.^^ The 
acid-catalyzed hydrolysis of ethyl thioacetate is monomolecular, 
while the alkaline is bimolecular.®^® Methyl and ethyl acetates, 
on account of lower activation energies, hydrolyze in alkali more 
rapidly than the corresponding thiolesters, but the reverse is true 
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with the t-propyl and ^-butyl pairs of esters.®®* A study has been 
made of the acid and alkaline hydrolysis of a number of thiol- 
esters.®^® The alkaline hydrolysis of triphenyl-methyl thioben- 
zoate proceeds normally with the formation of sodium benzoate 
and triphenylmethyl mercaptan, but the products from the acid 
hydrolysis are triphenylcarbinol and thiobenzoic acid.®*® 

The hydrolysis rates of MeCOSCPha and MeCOOCPhs have 
been compared.®®® Studies on the kinetics of the aminolysis of 
thiol esters have been made.^®®’ ®®^ 

With mercuric acetate, the mercaptide, EtSHgOAc, is formed 
from ethyl thiolacetate. Sodium chloride changes this to the 
chloride, EtSHgCl.'*®®- «i®® 

In the presence of alkali, a phenyl thiol ester is split by hy¬ 
drogen sulfide: ’®® 

RCOSPh + H^s -*■ RCOSH + PhSH 

In liquid hydrogen sulfide, thiohydrolysis takes place: 

MeCOSEt + HSH -*■ MeCOSH -|- HSEt 

The extent of this has been measured for different thiolacetates. 
At the mole volume of 10 liters the percentages of decomposition 
are: ®®^ 

Methyl 4.52 n-Propyl 49.3 t-Propyl 30.8 

Ethyl 10.10 n-Butyl 68.0 

In transesterification, as in direct esterification, mercaptans 
function as alcohols, their oxygen analogs. Earlier in this chap¬ 
ter it was shown that when a mixture of equivalent amounts of 
benzoic acid and ethyl mercaptan, or a similar mixture of ethyl 
thiobenzoate and water, is heated, equilibrium is reached when 
there is 14.7% of ester and 85.03% of unchanged benzoic acid, 
the ratio being 1 to 5.8. As is well known, the esterification limit 
for benzoic acid and ethyl alcohol is 66.5% of the ester, the ratio 
here is 2 of ester to 1 of benzoic acid. From these ratios it may 
be concluded that an equilibrium would be reached in a mixture 
of equivalent amounts of ethyl benzoate and ethyl mercaptan, 
or in a similar mixture of ethyl thiolbenzoate and ethyl alcohol, 
when the concentration of ethyl benzoate is 2 X 5.8, or 11.6 times 
that of the thiolbenzoate (8% to 92%). In a study of the inter¬ 
dependence of limits,®^®® weighed amounts of ethyl benzoate and 
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ethyl mercaptans were heated in sealed tubes for 45 hours at 220°. 
Mixtures of ethyl thiolbenzoate and ethyl alcohol were given the 
same treatment. Analysis of the resulting mixtures showed that 
alcoholysis of the thiolester had gone far while mercaptanolysis 
of the oxygen ester had proceeded only a little way. Equilibrium 
had not been reached in any of the mixtures, but it was estimated 
from the figures that had equilibrium been reached it would 
have been close to that predicted. 

Transesterification, likfe esterification, is catalyzed by a strong 
acid such as hydrogen chloride; it takes place, however, in the 
matter of seconds in the presence of a trace of a sodium alco- 
holate. The methanolysis of thiolesters, many of which can be 
prepared readily by the addition of thiolacetic acid to an unsatu¬ 
rate, is a convenient method of preparing mercaptans. The 
thiolacetate is dissolved in four or five equivalents of anhydrous 
methanol to which has been added about .02% of sodium. Dis¬ 
tillation removes the resulting methyl acetate as a binary with 
the methanol, followed by the excess methanol, leaving the free 
mercaptan.®’®* Obviously this method can not be used for mer¬ 
captans boiling below 65°. 

In spite of the unfavorable position of the equilibrium, it 
should be possible to replace an alcohol by a mercaptan, pro¬ 
vided the mercaptan boils sufficiently higher than the alcohol. 
Thus distillation of a mixture of methyl adipate and an excess of 
hexyl mercaptan, containing a trace of sodium methylate, should 
give dihexyl bis-thioladipate. 

A thiolester reacts with the Grignard reagent, as would any 
other ester, to form a tertiary alcohol: 

RCOSEt -I- 2 R'MgBr RR'R'COH 

Ethyl thiobenzoate and phenyl magnesium bromide give tri¬ 
phenyl carbinol.^®* 

Thiolacetic esters undergo the aceto-acetic ester condensation 
with sodium®® or a Grignard reagent: ’®® 

CHjCOSEt -1- CHjCOSEt -*■ CHgCOCHgCOSEt -f- EtSH 

Phenyl thiolacetate does not undergo the Fries rearrangement.®^* 
28 ,109, 680 'pjjg failure of the Fries reaction to occur with any aryl 
thiol ester is attributed to aromatic deactivation through reso¬ 
nance whereby the sulfur expands its valence shell.®®® 
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Ethyl thiolacetate and methyl iodide give trimethyl sulfonium 
iodide. Ethyl iodide reacts similarly.®®® 

The ester, MeC0SCH2C02H, condenses with cyanacetic ester 
to MeC0SCH2C(0H):C(CN)C02Et.‘‘® This may be due to the 
activating effect of the sulfur atom in the P-postion. 

The Reformatsky reaction takes place with a-halogenated thio- 
carboxylic esters as well as with the oxygen esters.®^® 

Vinyl thiolacetate can be polymerized to a polythiolacetate 
which can be hydrolyzed to a polyvinylthiol.^®®’ ®®® The 

molecular weight of such polymers can be increased by subse¬ 
quent reaction.^®® Thiol acrylic esters can also be polymerized.®^® 
Reduction of thiolesters with Raney nickel gives various prod¬ 
ucts according to conditions,alcohols,®®®’ ®®® aldehydes,^®®’ 

465, 743a. 743b sulfides, and hydrocarbons.®®^’ ®®® With lithium hy¬ 
dride the yield of aldehyde is 70% but only a trace with sodium 
or calcium hydride.®® Thiolesters of desoxycholic acid with 
Raney nickel are reduced to cholanals or cholanes.®®^ 

The oxidation of a thiolester, R'COSCH 2 R, by peracetic acid 
gives the two acids, RCO 2 H and R'C02H, if both R and R' are 
aromatic, but if either radical is aliphatic, one of the products 
is the sulfonic acid, RCH 2 S 03 H.^®’ ®i^ The thiolsulfonate, RCH 2 - 
SO 2 SR, seems to be an intermediate.^®® Thiolesters of acetic acid 
have been found to be oxidised by concentrated sulfuric acid to 
give sulfur dioxide, acetic acid, and the disulfide.®^^ 

The chlorination of a thiolacetate may yield the disulfide, 
RSSR, the thiolsulfonic ester, RSO 2 SR, and the sulfone chloride, 
RS02C1.^®^ Chlorination of an aromatic thiolester in concen¬ 
trated sulfuric acid, followed by the addition of aqueous acetic 
acid, gave the sulfone chloride.^®^ A sulfenyl chloride, RSCl, has 
been obtained by chlorination in carbon tetrachloride.®®® Extra 
chlorine is taken up by the sulfur when dry chlorine is passed 
in at -80°: 

RCOSR' + 2 CI2 -*■ RCOCI + R'SCIg 

One sulfur atom of a dithioester is replaced by chlorine: ^®® 

RCSSR' + 3 CI2 ^ RCCIjSCI -f- R'SCIj 

ROCS*SR' 4 - 3 CI2 ^ ROCCI2SCI + R'SCIg 

When titrated with bromate-bromide, a thiolester uses up six 
equivalents of bromide.®®® 
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A thiazole has been prepared from the ester, MeCOSCHaCOMe 
and formamide,®^'* 

A thaw melting point diagram has been constructed for the 
system phenyl benzoate-thiobenzoate.®®® Eutectics have been de¬ 
termined for a large group of binary mixtures of esters, thiol- 
esters, and selenolesters.®®^*’ ®®®’ ®®^ Ultraviolet absorption spec¬ 
tra have been studied.^®®- The infrared spectra and molecular 
refractivity of some perfluorothiol esters have been compared 
with those of nonfluorinated esters.®®^- A new color test for thiols 
and thiolesters is the red color produced when they react with 
N-ethylmaleimide in an alkaline medium. The advantage 
claimed is the stabilization of the thiols during chromatography.®^ 

The Biological Importance of Thiolesters 

The importance of thiolesters in biological processes is gaining 
increasing recognition. This subject has been ably reviewed by 
Stadtman.®*^® 

From a study of metabolically active thiolesters and their de¬ 
rivatives it has become evident that, due to their reactivity in 
biosynthetic processes, they play an important role in inter¬ 
mediary metabolism.^®®' ^®®' ®®^ Various types of enzymatic reac¬ 
tions have been found to involve the synthesis or utilization of 
thiolesters.^®’ ^®®’ ®®®’ 371.5, 408, 409, 44e, 447, 458b, 

460, 470, 493, 609, 561, 664d, 665, 666, 660.5, 670a, 699, 728 

It has been shown that the hydrolysis of thiolesters is accom¬ 
panied by a large change in free energy, thus placing these com¬ 
pounds in the class of energy-rich substances, which may account 
for the role they play in energy transfer mechanisms.®*’ **^*’ *^^ 
Thiolesters have been found to be involved in the oxidation of 
various aldehydes. An early recognized example of this is the 
oxidation of methylglyoxal to lactic acid. Although it had been 
known that this so-called glyoxalase reaction requires the pres¬ 
ence of glutathione, its actual significance was much later clari¬ 
fied by Racker.®** Recent studies involving the use of certain 
enzyme preparations have expanded our understanding of the 
oxidation of various aldehydes to thiolesters.^^*’ ^‘‘®’ ®^®’ ®*®’ ®^®’ 
645, 661 , 640 , 698, 699 Investigations of the mechanism of a-ketoester 
acid oxidation have shown that it involves two sulfur-containing 
enzymes, lipoic acid, and CoASH, the latter a widely distributed 
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nucleotide derivative that is an important factor in many meta¬ 
bolic processes.^^^’ 

Two types of thioester interchange reactions are known to be 
catalyzed by specific enzymes, one of these involves the transfer 
of the acyl group to other mercaptans,*® ®* *^* ®’ 

whereas the other is concerned with the enzymatic transfer of 
the S-alkyl group to various acids.^**’ 

Uses 

Ethyl thiolacetate has been recommended as a corrosion in¬ 
hibitor.^®® It is fairly toxic to several pests.®*^ The isobutenyl 
ester, MeCOSCH 2 CMe:CH 2 , is claimed as an insecticide.®® 
Esters of some higher thiolacids have been tested as lubricants.®®* 
Other thiolesters have been claimed as oil additives.*®* Thiol- 
esters may be used to control the polymerization of dienes.®** 
Aromatic esters of dibasic thioacids are said to impart plasticity 
to rubber.®®® High molecular weight thioacid esters are said to 
be useful for moisture-proofing cellophane.*^® 

Esters of the type PhCHRCOSCH 2 CH 2 NEt 2 , in which R is 
cyclopentyl or cyclopentenyl, are claimed as antispasmodics.^*® 
Other thiolesters, RCOSCH 2 CH 2 NEt 2 , in which R is partly cy¬ 
clic, are said to have therapeutic value.^®® Several esters of 
p-aminothiobenzoic acid,^®®’ ^®*’ *®* esters, 2,4-RO(H2N)C6H3- 
C 0 SCH 2 CH 2 NR' 2 ,*®® and other thiolesters **® are local anesthet¬ 
ics. Several complex thiolacetates are said to have antispasmodic 
activity.®®® A study of the tuberculostatic action of thiolesters 
of pyrazinoic acid and other thiolesters, many of which are ethyl 
thiolesters, indicates that activity resides in ethyl mercaptan 
itself.*®®-® A thioxylenol ester of trichloracetic acid is said to 
be a pesticide.®*® p-Cresyl thioacetate and thiochloracetate pro¬ 
duce eczema.®* Phenyl esters of aliphatic thioacids, in high dilu¬ 
tion, inhibit the growth of fungi.*®® 

Thionebters, RCS'OR' 

Thionesters have received scant attention. They have been 
prepared in several ways, most often by the reaction of hydrogen 
sulfide on an iminoester: ®®®’ ®®®’ ***• **®’ *®®®’ ®*®“’ ®*®® 


M«C(:NH)OEt + H 2 S 


MeCS'OEt + NH 3 
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Thionesters have been made from the iminoesters derived from 
a- and P-campholen nitriles.^® A Grignard reagent reacts with a 
chlorothioformate: 

MeMgl + CICS'OEt -*■ MaCS’OEt + MgICI 

A thionacyl chloride and an alcohol give a thionester: ®®® 

ArCSCI + ROH ^ ArCSOR + HCI 

A thionformate is one of the products of the action of phosphorus 
pentasulfide on an orthoformic ester.*®* ®® Thiocoumarin from 
coumarin and phosphorus pentasulfide is a thionlactone.®** 
Thionesters, which have appreciable vapor pressures at ordi¬ 
nary temperatures, fume in the air and show phosphorescence.^'^*** 
173b 'phg hydrolysis of a thionester gives hydrogen sulfide and 
alcohol: *® 

HCS'OEt + 2 HgO HCOgH + HgS + EtOH 

Ammonolysis gives the thioamide: 

RCS*OEt + NH 3 -*■ RCSNHj + ElOH 

The Claisen condensation of ethyl thionacetate gives ethyl thio- 
acetothionacetate: 

MeCSOEt + MeCSOEt -*■ MeCSCHjCSOEt + EtOH 

This forms a sodium salt, MeC(SNa) :CHCSOEt.^^^ Chlorina¬ 
tion of methyl thionpropionate gives a white, unstable solid.^*® 
Acetophenone results from the reaction of ethyl thionbenzoate 
and phenylmagnesium bromide.^** Phenyl diphenylthionacetate 
gives a cyclic compound at 250°: ®** 

2Ph2CHCSOPh PhgC : C' C : CPhg + 2 PhOH 

Aniline and ethyl dithionoxalate, EtOCS'COEt, give ethyl thio- 
carbamate, EtOCSNHPh. 

Dithioacids, RCS SH 

These are also knowm as carbodithioic acids. Dithioacids are 
not well known as, on account of their instability, they are not 
easy to handle. The most general method of preparation has been 
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the addition of carbon disulfide to a Grignard reagent: 

320a, 321, 322, 301, 653, 601, 734a, 735, 737 

RMgBr + CSg ^ RCSSMgBr RCSSH 

In making dithiobenzoic acid, the carbon disulfide may be added 
to the mixture of phenyl bromide, ether, and magnesium 

Carbon disulfide reacts with the sodium derivative of aceto- 
acetic ester: 

CHgCOCHNoCOgEt + CSg ^ CH3COCH{CSSNo)C02Et 

A similar reaction takes place with the sodium derivative of 
malonic ester.^®® If bromine is added to the mixture, the product 
appears to have the trithioanhydride structure, -CS*S*CS-.’^® 
The reaction of carbon disulfide with metal derivatives of hydro¬ 
carbons is quite general.®®^ In the presence of sodium, carbon 
disulfide condenses with compounds containing active hydrogen 
to form dithioacids. With acetone the product is the 6is-dithio- 
acid, 0 C(CH 2 CSSH) 2 , which loses hydrogen sulfide to give 
SC:CH*CO*CH:CSJ^®* Another analogous reaction is the for¬ 
mation of sodium cyanodithioformic acid from sodium cyanide 
and carbon disulfide in dimethyl formamide.®® 

When acetophenone, powdered potassium hydroxide, and car¬ 
bon disulfide are brought together, a small amount of a salt is 
formed which has been given the structure PhCOCH: (SK) 2 . 
Alkylation of this gives the dialkyl derivative, PhCOCH :C (SR) 2 . 
The free acid has been given the structure PhCOCH:C(SH) 2 .®®^ 
It will be noted that this is isomeric with the dithio acid. It is 
here suggested that there is tautomerism: 

PhCOCHgCS'SH ^ PhCOCH:{SH)2 

Alkylation of the unsymmetrical malonic ester, H2C(C02Et)- 
CS 2 Me, with dimethyl sulfate gives the 2,2-6is-methylmercapto- 
acrylic ester, (MeS)2C:CHC02Et.^®® This may be looked at as 
the alkylation of the sodium salt of the ester in its tautomeric 
form: 

p 

Et02CCH!C{SM«)SNa + Me 2 S 04 Et02CCH:C{SMe)2 + NaMeS 04 

Trihydroxydithiobenzoic acid is formed by the condensation 
of potassium xanthate with pyrogallol.^'*® 0 -Hydroxy quinoline 
reacts similarlyA thiolactam is formed by the addition of 
carbon disulfide to methylenepyridines or methylenequinolines.*^^ 
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Some aromatics react with carbon disulfide, in the presence of 
aluminum chloride, to give aromatic dithioacids.^^* The same is 
true of antipyrine If an alkyl halide is present the product is 
an ester of the dithioacid.®®* 

Dithioformic acid has been prepared from chloroform and po¬ 
tassium sulfide; 


CHClg -H 2 KgS HCSaK -|- 3 KCI 

The potassium salt, recrystallized from alcohol, is yellow and 
melts with decomposition at 193°. The free acid is a colorless 
solid, insoluble in ordinary solvents, melting at 55-60° with de¬ 
composition. Its properties indicate that it is polymeric. Its 
potassium salt reacts with alkyl halides to give the esters which 
are trimeric in benzene. There are two forms of the phenyl ester, 
m. 77° and 154.5°. The potassium salt can be oxidised to the 
polymeric disulfide, (HCS*SS*CSH) n. Carbon tetrachloride may 
be used instead of chloroform.*®®*’ *®®® The ethyl ester may be 
obtained by the reduction of the chloroformic ester ClCS 2 Et.®®®‘' 
One author claims to have gotten sodium dithiopropionate from 
propionitrile, hydrogen sulfide, and sodium hydrosulfide.*®® 
Benzotrichloride and potassium sulfide give potassium dithio- 
benzoate.^®®’ ®*®* Benzal chloride and potassium hydrosulfide give 
the same salt along with other products.^^- ®®‘‘’ ^‘‘® The thioalde- 
hyde, the primary product, may have undergone a Cannizzaro 
reaction.'**® 

The result of the reaction of an aromatic aldehyde with hydro¬ 
gen persulfide ®®’ *■*’ ®®® or with ammonium polysulfide ®®*'’ *®**’ *®2’ 
is a dithioacid or salt. Dithiofuroic acid, C 4 H 30 *CS 2 H, has 
been made in this way. It is readily oxidised to the disulfide.*®*®* 
*®* This is involved in the Willgerodt reaction. 

Nitromethane, carbon disulfide, and potassium hydroxide react 
in alcohol solution: 

O 2 NCH 3 -I- CS 2 -I- KOH O 2 NCH 2 CS 2 K + H 2 O 

This salt separates from dilute alcohol as brown crystals which 
decompose at 203°. The free acid can not be isolated.®®® 
Dithioacids are strong acids, and can be titrated sharply. 
Their odors are nauseous. Even the dithioacetic acid is prac¬ 
tically insoluble in water. Its alkali and alkaline earth salts 
are soluble in water. Copper, silver, lead, mercury, cobalt, nickel. 
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cadmium, ferrous, and ferric salts have been described. Many 
of them are colored.®^ The blue nickel salt, (PhCSS) 2 Ni, m. 
219®, takes up sulfur from sodium polysulfide to form a violet 
salt, m. 195®.*®^ 2-Methyl-5-i-propyldithiobenzoic acid forms 
colored complexes with heavy metal salts.’^^ The ammonium 
salts of the acids may be obtained by passing ammonia into their 
ether solutions. In nonpolar solvents the free acids have the 
same optical properties as their esters, indicating the structure 
RCS'SH; but in dilute aqueous solutions they resemble their 
salts: 

RC like RC >l 

'S''* 'S''* 

Chromatography has been found to be efficient in the separa¬ 
tion of dithioacids. Diastereoisomers were partially separated by 
this method.*^’’ 

A dithioacid can be oxidised to the disulfide, RCS'Sa'CSR,*®^*’ 
320a eygjj ijy air.*22 The red solution of the a-naphthyl dithio- 
disulfide in naphthalene at 90® does not obey Beer’s law which 
indicates dissociation into free radicals.®^® 

A dithioacid reacts with an amine to form a thioamide.“®’ 
This is a general reaction of dithioacids and amino compounds.’* 
461, 692 Certain amines react with the salts of aryl carbodithioic 
acids in the presence of oxidising agents to give thioamides.®®* 
With hydrazine,®^® phenylhydrazine,’®^** or semicarbazide ®®®’ 
754b, 755 usual elimination of hydrogen sulfide may take place: 


RCSSH 

+ 

H2NNH2 

RCSNHNHo + H2S 

RCSSH 

+ 

H 2 NNHPh 

RCSNHNHPh + H2S 

RCSSH 

+ 

H2NNHCONH0 

RCSNHNHCONH2 + H2S 


With semicarbazide, particularly, both sulfur atoms are elimi¬ 
nated with the formation of a semicarbazone of the corresponding 
aldehyde.’®^® Thus aldehydes may be prepared from dithio¬ 
acids.®®®’ ’®® With hydroxylamine, oximes of the corresponding 
aldehydes or nitriles may result.’®^®* ’®’ An oxime may be 
formed: 

PhCS'SH + HjNOH PhC(:NOH)SH + HgS 

This may be alkylated or acylated on the sulfur.”^* 
o-Phenylene diamine cleaves a carbodithioic acid to give a 
substituted benzimidiazole and other products.’®® 
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By the reaction with formaldehyde the four hydrogen atoms 
of the ammonium salt are replaced by two methylenes: 

RCSSNH4 + 2 HCHO RCSSN(:CH2)2 + 2 H2O 

The action of thionyl chloride on dithiobenzoic acid is to form 
the trisulfide, (PhCSS) 2 S. With thionyl chloride and chlorine, 
thiobenzoyl chloride, PhCSCl, is obtained.®^** 

Cyanogen chloride and sodium dithiobenzoate form a water- 
insoluble product.®®* 

Hexahydrodithiobenzoic acid has been oxidised by nitric acid 
to the oxygen acid. Its esters have been prepared by alkylating 
the sodium salt.®^ 

Dithioacids effect the cis to tram isomerization of unsaturated 
acids.®®® 

Administering magnesium dithiosalicylate to dogs increased 
the urinary cystine.^’*- 

Salts and disulfides of dithioacids can be used as accelerators 
in vulcanization or as intermediates in making accelerators.’®®* 
Alkyl esters of p-hydroxydithiobenzoic acid may be used in 
making antioxidants.’®® 

Salts of certain polymeric dithio acids have been used as in¬ 
secticides, softeners in the lacquer and synthetic resin industry, 
or as polymerization controllers. 

Dithioesters, RCS*SR' 

The esters, RCS*SR', can be prepared from the addition prod¬ 
ucts of carbon disulfide to Grignard reagents without isolating 
the dithioacids: ®*®*’ ®*®®’ ®®’ 

RMgBr + CS2 RCSSMgBr 

RCSSMgBr + R'Br ^ RCSSR' + 

A sodium salt reacts with an alkyl halide: ’*• ®®“’ ®®®’ ®’®®* ®®^ 

PhCSSNa + CICH2CO2H -♦ PhCSSCH2C02H + NaCI 

Thiobenzoyl chloride and a mercaptan give a dithioester: ®®® 

PhCSCl + MeSH -* PhCSSMe + HCI 

An important general preparation method is the reaction of hy¬ 
drogen sulfide with thioiminoesters: ®®*’ ®^*®' ®’*® 


RC(:NH)SR' + H2S 


RCS*SR' + NH3 
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A thioamide can be esterified by a mercaptan: 

PhCSNH2 + HSEt + HCI -» PhCS'SEt + NH4CI 

This is the reversal of the reaction of a dithioester with an amine 
to give the thioamide: 

CHgCSSMe + HjNEt -» CHjCSNHEt + M«SH 

Dithioesters are reddish-yellow oils which are sensitive to 
oxidation and must be distilled in an inert atmosphere. Some of 
them give thermochromic solutions. A solution of methyl a-di- 
thionaphthoate in ethyl benzoate is yellow-orange but becomes 
red-orange on heating.*^* 

One ester appears to be tautomeric: 

PhaCHCSSPh ^ Ph2C:C(SPh)SH 

It gives the Rheinboldt reaction for a mercaptan but fails to do 
so when heated in an indifferent solvent.®*^’ Methyl tetrathio- 
oxalate, MeSCS'CSSMe, crystallizes in two forms, m. 71.5° and 
101.5°.*®’ This ester has been obtained by reducing carbon disul¬ 
fide with sodium and methylating the product.*” Two molecules 
of dithiobutyrolactone condense with the loss of one molecule 
of hydrogen sulfide. The triclinic crystals melt at 114°.®*® A 
sample of ethyl dithioformate became viscous on standing over¬ 
night and then could not be distilled even at 0.5 mm.** Ethyl 
dithiobenzoate and excess of phenylmagnesium bromide give 
triphenylmethyl thiobenzoate, PhCOSCPhs.**® 

With Raney nickel methyl dithiophenyl acetate is desulfurized 
to ethylbenzene.** 

The absorption spectrum of 2-dimethylaminoethyl dithioben¬ 
zoate has been studied.*** 

Trithio-orthoesters, RCfSROs 

The so-called ortho esters and their sulfur analogs are really 
not esters. They resemble the formals and thioformals in that 
they are resistant to strong alkali. The only ones that are well 
known are the orthoformates: 

HC(0R)3 HC(SR)3 

These are to be compared with the formals and thioformals: 


H2C(0R)2 


H2C(SR)2 
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The trithio-ortho esters may be made directly from formic acid 
and a mercaptan: 

HCOOH + 3 PrSH -» HC(SPr)3 + 2 HgO 

A mercapto-acid reacts similarly: 

HCOOH + 3 HSCH2CO2H -* HC(SCH2C02H)3 + 2 H2O 

Anhydrous oxalic acid may be substituted for the formic.*^*' As 
anhydrous formic acid is not readily available and as water is 
produced in the reaction, it is advantageous to start with a 
formic ester: 

HCOOEt + 3 HSEt -» HC(SEf)3 + H2O + BOH 

A mixture of ethyl formate and mercaptan cooled in a freezing 
mixture and saturated with hydrogen chloride, separates into two 
layers. The organic layer is taken up in ether and washed with 
aqueous alkali.®^^** This method has been used with benzyl 
and dodecyP^* mercaptans. Whether the starting material is 
formic acid or its ester, the thioformic ester may be regarded as 
an intermediate. Towards a mercaptan this behaves as an alde¬ 
hyde: 

BSCHO -I- 2 HSB -4^ EtSCH(SB)2 -|- H2O 

This is substantiated by the fact that mixed trithio-orthoesters 
can be prepared. A mixed trithio-orthoacetate, CHaCfSEt)- 
(SCH 2 Ph) 2 , has been reported.**® A mixed ester has been made 
from sodium ethyl mercaptide and a,a-dichloromethyl sulfide: 

AAeSCHCl2 -|- 2 BSNa -* MeSCH(SB)2 -|- 2 NoCI 

Starting with esters of thioacetic, thiopropionic, and thiobenzoic 
acids the corresponding trithio-orthoesters have been made.**® 
From iodoform and ethylmercaptomercuric bromide, or from 
chloroform and sodium mercaptide, trithio-orthoformic esters 
have been obtained: 12 , 246 a 

HCI3 + 3 BrHgSB -* HC(SB)3 -|- 3 HgBrI 

HCCI3 + 3 NaSB -* HC(SB)3 + 3 NaCI 

Carbon tetrachloride reacts with sodium mercaptide, but the 
product is the trithio-orthoformate instead of the tetrathio- 
orthocarbonate, C(SEt) 4 , as previously was supposed.*®^* The 
mechanism of this reaction has been discussed in connection with 
a study of the alkaline hydrolysis of carbon tetrachloride.**® 
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A polymeric ethylene trithio-orthoformate results from the 
reaction of ethylene mercaptan and triethyl orthoformate.*®^ 
An alcohol displaces a mercaptan; 

HC(SEt)3 4 - 3 EtOH -* HC(OEt)3 + 3 EtSH 

This reaction takes place in the presence of zinc chloride*®® or 
of an acid.2®2 

A trithio-orthoacetate was supposed to be obtained from 
methylchloroform and a mercaptide: * 2 ® 

CH3CCI3 + 3 NaSPh -* CH3C(SPh)3 + 3 NaCI 

The product of this reaction has been found to be PhSCH 2 CH 2 - 
SPh, m. 71.5®. The true triphenyl ester, m. 146°, results from 
the treatment of phenyl thioacetate with boron trifluoride.®®® 
The trithio-orthoformic esters are stable in the presence of 
even concentrated alkali but are hydrolyzed readily by acids. 
They can be oxidised to disulfides, to sulfonic acids, and to disul- 
fones, (RS02)2CH2. These disulfones can be brominated: 

(RS02)2CH2 + 2 Brg (RS02)2CBr2 + 2 HBr 

Oxidation in ether solution at a low temperature by perphthalic 
acid, gives a trisulfone, HC(S02R)3.®^® Triphenyl trithio-ortho¬ 
acetate is oxidised by hydrogen peroxide to benzenesulfonic 
acid.®®® 

Trithio-orthoesters can be split by bromine: 

HC(SMe)3 + Br2 M*2SBr2 + Me2SO 

The triethyl ester, HC(SEt) 3 , has been used in the place of the 
corresponding oxygen compound in the synthesis of carbocya- 
nines®^® and for the preparation of mercaptals: 

HC(SEt)3 + RCHO -*■ RCH(SEt)2 + HCOSR 

With chloral hydrate the product is the hemimercaptal, CI3CCH- 
(OH)SEt.®®^® When the triethyl ester is heated with malonic 
ester, acetanhydride, and zinc chloride, two molecules of mer¬ 
captan are split out: 2 ^® 

EtSCH(SEt)2 + H 2 C(C 02 Et )2 -* EtSCH!C(C 02 Et )2 + 2 EtSH 

Treating triethyl trithio-orthoformate with phosphorus penta- 
sulfide gives ethyl dithioformate and ethyl tetrathiophosphate.®®* 

90 
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The tridodecyl ester has been claimed as a vulcanization ac- 
celerator.22® Orthothioesters and styrene give products useful as 
oil additives.^*® 

Triseleno-orthoformate esters have been prepared from seleno- 
mercaptans and carbon tetrachloride.^^ 

Thioomides, RCSNH2, RCSNHR^ RCSNR'R^' 

Thioamides are tautomeric, having the two structures: 104 . 423 , 
717 , 737 


RCS’NH^ ^ RC(:NH)SH 

Two reviews on thioamides have appeared.^^^^* Thioamides, 
though formally related to the thioacids, are not prepared from 
them but are obtained in various indirect ways. 

Pbepaeation 

For preparing thioamides Kekul4’s phosphorus pentasulfide 
method has been used extensively: 

RCONH2 + P2S6 -+ RCSNHj 

This works much better with amides, particularly with N-sub- 
stituted amides,®®' ^®i' ®^®' ®**’ than with acids. The yield of 

thioformanilide, HCSNHPh, is good.®^^* The thioformanilide is 
dissolved out of the reaction product by dilute sodium hydroxide 
and precipitated with acid.®^® Thioformamide has been prepared 
from formamide and phosphorus pentasulfide.^^®* ®^^*’ ®**’ ®^®' ®®2 
The reactants may be brought together in benzene, xylene, 
etherdioxane ®®®'’ or tetrahydrofuran.*^* Early work¬ 
ers were unable to isolate the pure compound. Powdered phos¬ 
phorus pentasulfide is added in portions, with cooling, to forma¬ 
mide covered with dry ether. After the mixture has stood for 
some time and has been shaken for fifteen hours, the thioforma¬ 
mide is dissolved out with water as the hydrate. The water solu¬ 
tion is extracted with ether and the ether solution treated with 
phosphorus pentoxide. Evaporation of this solution gives the 
pure anhydrous thioformamide.'^®^ Thioacetamide 2 ®^* and thio- 
propionamide ®2® are prepared in boiling benzene 2 ®^* or xylene . 2 ^®® 

To prepare thioacetanilide, 54 g. acetanilide, 30 g, phosphorus 
pentasulfide, and 12 cc. pyridine are mixed and heated on the 
water bath, with stirring, for 7 minutes. 100 cc. of 25% sodium 
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hydroxide and 100 cc. of alcohol are added. When solution is 
effected 100 cc. of water is added, the solution filtered, and carbon 
dioxide is passed in to precipitate the product.^^* 

Many N-substituted thioacetamides have been prepared simi¬ 
larly This is true also of N-diethylthio- 

acetamide.*^’ Malonanilide is changed to thiomalonanilide, 
H2C(CSNHPh)2. Methyl succinanilate gives the N-phenylmono- 
thiosuccinimide: 

CHsCOsM* CH2CO. 

I I 

CH2CONHPh CHjCS'^ 

The phosphorus pentasulfide treatment has been applied to many 
amides of various kinds.®®**’ i®**’ 395, 48 o. 605 a. 

505b, 570, 502, 503, 604, 074 

E-Caprolactam gives the corresponding thiolactam.^*^. 554 
The reaction of phosphorus pentasulfide with the oxime of 
benzophenone gives thiobenzanilide. This may be through a re¬ 
arrangement of the thio-oxime,*®* 

Selenamides may be prepared similarly with the aid of phos¬ 
phorus pentaselenide.*®®’ ®® 2 ** 

An important method for preparing thioamides is the addition 
of hydrogen sulfide to a nitrile.®^®’ ^^®’ 204, 235, 254. 

311a, 311b, 300, 377b, 418, 429, 452, 637, 603, 574 260° Under preSSUre, 

acetonitrile and hydrogen sulfide combine in the presence of a 
silica-alumina gel.^*® The rates of addition of hydrogen sulfide 
to a number of nitriles have been measured Propionitrile 

and dry hydrogen sulfide, sealed in a tube, formed crystals in 
eight days: 

CgHgCN + HgS -» CgHgCSNHg 

Similarly cuminonitrile unites with hydrogen sulfide,*®* The ad¬ 
dition takes place particularly well in the presence of ammonia 
or of an amine.®®’ ®'‘®’ ®*®’ ®*°’ ®®®’ An alcoholic solution of the 
nitrile is saturated with ammonia and then with hydrogen sulfide. 
The reaction goes on at room temperature, but may be aided by 
warming. 

It seems probable that the ammonia adds first to the nitrile to 
form an amidine: ®**“ 

RCN + NHg -*■ RC(:NH)NH 2 

RC(:NH)NH2 + HgS -» RC(NH2)2SH -» RCSNH2 + NHj 
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It has been shown that hydrogen sulfide can react with an 
amidine in this way.®^'’ This explains the fact that an 

amine may displace ammonia in a thioamide: 

RCSNHg + HgNR' RC(SH)(NHR')NH2 RCSNHR' + NHg 

Thioformanilide can be prepared from thioformamide and ani- 
lineJ^* The higher nitriles are heated with ammonium hydro¬ 
sulfide in a nonaqueous solvent in an autoclave.”’ As 

the ammonia is regenerated only a small proportion of it is re¬ 
quired, though a larger amount may be useful in holding the 
hydrogen sulfide in solution.*^^“ Sodium or potassium hydrosul¬ 
fides may be substituted for the ammonia.^®®’ ®®®’ It is desir¬ 
able to dissolve an aromatic nitrile in a mixture of pyridine and 
triethylamine.^^^ 

This method of preparation serves for nitriles containing vari¬ 
ous substituents. Alkoxy-thioamides can be obtained: ®®* 

ROCH2CN + H2S ROCH2CSNH2 

The hydroxyl group of a cyanhydrin may be protected by acetyl¬ 
ation,®’ ®®^ though this is not always necessary.” Thioamides 
have been made from the cyanhydrins of mesityl oxide and of 
carvone.” Carbohydrate nitriles react normally.^®®’ Chlor- 
acetonitrile, CICH 2 CN, undergoes a double reaction: 

2CICH2CN + (NH4)2S S(CH2CN)2 + 2NH4CI 

S(CH2CN)2 -f 2 H 2 S S(CH2CSNH2)2 

A nitrile with a less reactive halogen stops at the thioamide: 

CH3CCI2CN + H2S -»> CH3CCI2CSNH2 

3-Cyanomeconin, from opianic acid, gives the thioamide.®®® Di- 
hydroxytriazinyl-thioformamide is from the corresponding oxime 
and hydrogen suldfie.®®® 

Polynitriles give the corresponding polythioamides.®®®’ ®®^’ ®®® 
When two nitrile groups are on the same carbon atom only one 
of them may react with hydrogen sulfide.®®® 

When hydrogen sulfide is added to a nitrile in the presence of 
an amine the N-substituted thioamide is formed, ammonia being 
liberated: ®®*'’’ ®”* 

RCN + H2S + H2NR' RCSNHR' + NH3 

If a dinitrile, NC(CH 2 )„CN, and a diamine, H 2 N(CH 2 )mNH 2 , 
in which the amino groups are suflBciently separated, are heated 
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with hydrogen sulfide, a polymer, [•(CH 2 )nCSNH(CH 2 )m- 
NHCS*]x is produced.'®®’ Polymers containing cyano groups 
may be cross-linked by treating with hydrogen sulfide, or a di¬ 
mercaptan, in the presence of an amine.*®® If the amino group 
in an amino-nitrile, H 2 N(CH 2 )nCN, is at the proper distance 
from the cyan group, ring formation takes place and the product 
is a thiolactam.®*^’ *'** Heating a thiolactam with sodium converts 
it to a linear polythioamide.'®' If the two groups are on the same 
carbon atom as in amino-acetonitrile, NH 2 CH 2 CN, the six-mem- 
bered dithioketopiperazine results.®*'* *®® If the amino group is 
protected by acetylation, cyclization does not take place. Thus 
MeCONHCHaCN and MeCON (Me) CH 2 CN give the thioamides, 
MeCONHCH 2 CSNH 2 and MeCON (Me) CH 2 CSNH 2 .®®* If the 
amino group is at a distance as in co-aminocaprinitrile, the prod¬ 
uct is a linear polymer.'^* 

In solution in ether saturated with hydrogen chloride, thio- 
acetic and thiobenzoic acids react with benzonitrile. The final 
product in both cases is thiobenzamide.***'’ 

Thioacids and dithioacids react with an amine, the one pro¬ 
ducing an amide and the other a thioamide.®* *'**• **'■ ***• 

786, 758a. 75» 

RCOSH + HjNR' -> RCONHR' + HgS 

RCSSH + H2NR' -> RCSNHR' + HgS 

This has been mentioned earlier as a reaction of dithioacetic acid. 
Hydrazine reacts similarly with a dithioacid or ester. The hy- 
drazides so formed react with aldehydes: *■** 

RCSNHNHj -f- R'CHO RCSNHN.CHR' + HgO 

PhCH 2 CSSCH 2 COOH has been used as a thioacylating agent.*®' 
A thioacid chloride and an amine give a thioamide:**® 

PhCSCI -f PhNHj PhCSNHPh + HCI 

The converse of this is the reaction of an acid imido-chloride, 
with hydrogen sulfide: ***■ ^®®’ ‘'®® 

PhC(:NR)CI -f- HgS ^ PhCSNHR + HCI 

A chloroanilide is converted to a thionanilide: 

PhC(:NPh)CI + HgS ^ PhCSNHPh + HCI 

A higher amide, such as lauramide, is converted to the corre¬ 
sponding N,N'-thiodiamide by sulfur monochloride.®^®* 
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Heating an amide and hydrated sodium sulfate or an am¬ 
monium salt with aluminum sulfide is recommended as a method 
of preparing thioamides. The sulfuration is effected either by 
the aluminum sulfide or by the hydrogen sulfide generated by 

377c, 380 

An amidine reacts with carbon disulfide: 

RC(!NH)NHR' -f CSj RCSNHR' + HSCN 

An isocyanide adds hydrogen sulfide on heating: 

C:NR + HSH HCSNHR 

This is reversible; the thioformamide dissociates: 

HCSNHR C:NR + H 2 S 

Aniline and chloroform, in alkaline solution, with potassium hy¬ 
drosulfide give a product containing thioformanilide.®^^® The iso¬ 
cyanide first formed reacts with the hydrogen sulfide. Mustard 
oils react with sodium derivatives of malonic ester or acetoacetic 
ester: 

CHsCOCHNaCOOEt + RNCS CH3COCH(COOEt)C(:NR)SNa 

(EtOOC)2CHNa + RNCS (EtOOC)2CHC(:NR)SNa 

They react similarly with Grignard reagents: 

MoMgl + PhNCS M«C(:NPh)SMgl M*CSNHPh 

M«Mgl + CH 2 :CHCH 2 NCS MeC(!NCH 2 CH:CH 2 )SMgl M«CSNHCH 2 CH:CH 2 

With a sodium alkyl a similar reaction takes place, but the prod¬ 
uct is metalated by another molecule of the sodium alkyl and 
then a 6is-thiomalonanilide is formed: 

BuCHsNa + PhNCS -*■ BuCH 2 C(:NPh)SNa BuCHNaC(;NPh)SNa 

BuCH[C(:NPh)SNa]2 BuCH(CSNHPh)2 

Sodium phenylacetylide and an alkyl or aryl isothiocyanate 
give a thioamide, PhClCCSNHR or PhCiCCSNHAr.’"**'’s®- 
Thiobenzanilide, PhCSNHPh, is from the reaction of phenyl- 
lithium on phenyl isothiocyanate.^®® N-AryIthiobenzamides are 
formed from an aryl mustard oil and a phenol, phenol ether,^®®- 
481, 591, 696, 723b qj. aromatic hydrocarbon in the presence of alu¬ 
minum chloride. 

A Schiff’s base and sulfur give a thioamide: ^® 


PhCH:NM« + S 


PhCSNHM* 
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Amines, aliphatic as well as aromatic,can be sulfurized 
by heating with sulfur at 200®: 


PrCH2NHBu 

+ 

2S 


PrCSNHBu 

+ 

HaS 

M«CH2NEt2 

+ 

2S 


M«CSNEt2 

+ 

HaS 

PhCH2NH2 

+ 

2$ 

-► 

PhCSNH2 

+ 

H2S 

PhCH2NHPh 

+ 

2S 


PhCSNHPh 

+ 

H2S 


Benzylamine reacts with the thiobenzamide, which is first formed, 
to give the N-benzylthioamide: 

PhCSNH2 + HgNCHgPh ^ PhCSNHCH2Ph + NHg 

The N-morpholinothiobenzamide, PhCSN(CH2CH2)20, is formed 
from benzylamine, morpholine, and sulfur.^*® The reactions are, 
of course, not as simple as written. 

A thiocarbamyl chloride reacts with a polyhydroxybenzene: 

RNHCSCI + CeH4(OH)2 ^ (HO)2C0H3CSNHR + HCI 

Phenylisothiocyanate reacts with ethyl phenyl sulfide in the 
presence of aluminum chloride: “ 

EtSPh + PhNCS EtSC0H4CSNHPh 

The dry distillation of a mixture of potassium p-toluenesulfonate 
and potassium cyanide gives some of the thioamide, p-MeC 6 H 4 - 

CSNH2.«i» 

A thioamide is formed from sulfur, ammonia, or an amine with 
an unsaturate,^^’’ an aromatic aldehyde,^^^**’ 

332c, 541 Qj. ketone.^^’ Thio- 

amides and N-substituted thioamides are intermediates, or final 
products, in the Willgerodt reaction,^^®’ for a full 

discussion of which reference must be made to a review by Car¬ 
mack and Spielman.^^® Sulfur reacts with a mixture of a methyl¬ 
ated heterocyclic and an aromatic amine or aromatic nitrocom¬ 
pound to yield a thioamide.^®’* 

The dithioamide of oxalic acid has received special attention. 
When cyanogen and hydrogen sulfide are brought together, yel¬ 
lowish red crystals are formed, practically insoluble in water and 
only slightly soluble in alcohol. The compound was named 
Rubeanwasserstoff or rubeanic acid.*®’ It is a monobasic 

acid, K = 1.28 X 10“”.^®* It forms heavy metal salts which 
are decomposed into metal sulfides when boiled with water.®®® 
It is formed from cyanogen dissolved in liquid hydrogen sul- 
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fide.®^^ When the cyanogen is in excess the reaction goes only 
half way: 

(•CN)2 + 2 HjS (•CSNH2)2 

(•CN)2 + H 2 S -♦ NC*CSNH2 

When the two gases are passed into alcohol the nitrile-thioamide, 
NC*CSNH 2 , called Flaveanwasserstoff or flaveanic acid, sepa¬ 
rates as beautiful crystals which soon blacken. The black mass 
is extracted with chloroform from which bright yellow needles 
are obtained.^® When dry cyanogen is passed into alcoholic so¬ 
dium hydrosulfide a salt is formed from which the same com¬ 
pound is precipitated by acid: 

(•CN)2 + 2 NaSH -♦ (•CNHSNa)2 -♦ (•CSNH2)2 

Its most interesting formation is from cupric cyanide. When 
ammonium hydroxide is added to a solution of copper nitrate 
until the precipitate is just dissolved, potassium cyanide added, 
and hydrogen sulfide passed in, this compound is precipitated.^^® 
The cyanogen is furnished by the cupric cyanide: 

2 Cu(CN )2 -♦ 2 CuCN + (CN)2 

The same compound is obtained from chlorine, potassium cy¬ 
anide, and ammonium sulfide.^^^ The constitution was deter¬ 
mined by Wallach.'^®®'* NCCSNH 2 and (CSNH )2 were success¬ 
fully separated by chromatography.®^^® Cyanogen unites with 
a mercaptan in the presence of a trace of an amine: 

2 RSH + (CN)2 -♦ RS(HN:)C*C(:NH)SR 

The product is an iminothio-oxamide. 

An alkyl oxamide is treated with phosphorus pentachloride and 
then with hydrogen sulfide. The resulting thioamide can be alkyl¬ 
ated: ^*®*’ 

CONHE» CC^NHEI CSNHEt C(:Ne)SEt 

I “^1 I “^1 

CONHB CCi2NHE» CSNHB C(:Ne)SEt 

An oxalic ester-anilide is converted to the corresponding thio- 
anilide by phosphorus pentasulfide: ®^® 

COOB COOB 

I - I 

CONHPh CSNHPh 
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An ester nitrile may be converted to a thioamide: 

BuOCO'CN + HgS BuOCO'CSNHg 

An unsymmetrical thio-oxamide may be made starting from an 
oxamide: 

Pr2NCO*CONH2 Pr2NCO<N PrjNCO'CSNHj 

Dithio-oxalmorpholide, 0 (CH 2 CH 2 ) 2 NCS-CSN (CH 2 CH 2 ) 2 O, 
is formed in a curious way, by refluxing morpholine with sulfur 
It is obtained also by heating morpholine, sulfur, and an unsatu¬ 
rated hydrocarbon.*®^ It seems likely that thioacetmorpholide, 
MeCSN(CH2CH2)20, is an intermediate. This has been gotten 
by heating morpholine, sulfur, and cyclohexene, in a sealed tube, 
to 200°,®® and it has been shown that thioacetmorpholide gives 
dithio-oxalmorpholide when heated with morpholine and sul¬ 
fur.*®’* 


Resa-ctions 

The pyrolysis of a thioamide reverses one mode of its forma¬ 
tion.®*’ ®®® 


RCSNH2 RCN + HjS 

This reaction is catalyzed by pyridine.®®® Distillation of thio- 
acetanilide gives diphenylethenyl amidine.®*** 

Thioamides give characteristic addition compounds with mer¬ 
curic chloride ®®®’ ®®®®’ ’®®® and platinic chloride.*®®* ®**’ ®®® Thio¬ 
amides, like their oxygen analogs, are basic enough to form salts 
when hydrogen chloride is passed into solutions of them in anhy¬ 
drous, nonpolar solvents. Such salts are hydrolyzed instantly by 
water.®®® Perchloric acid combines with a thioamide in weakly 
acid aqueous solution, but the product is not simply a salt.’” 

Thioamides are hydrolyzed by acids or by bases.®”®’ *’®’ ®’® 
This must go in two stages: *’®’ ®®’ ® 

CH3CSNH2 + H2O CH3COSH + NHg 

CH3COSH + HjO -> CH3COOH + H2S 

A thioamide can be oxidised to an amide.®® At moderate tem¬ 
peratures oxidising and hydrolytic agents convert N-benzyl thio¬ 
amides to N-benzyl amides; more vigorous treatment cleaves the 
molecule.®® The sulfur of a thioamide is exchanged for the oxygen 
of a heavy metal oxide: ®®®’ ®”®’ *®®’ ®’®* 
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RCSNHg + PbO -> RCONH2 + PbS 

This is the basis for the use of thioamides in analysis to precip¬ 
itate heavy metal sulfides. With mercuric chloride and ammonia 
the product is an amidine.®^* 

In alcohol solution silver nitrate reacts quantitatively with a 
thioamide: 

RCSNHa + 2 AgNOg -* RCN + AggS 4- 2 HNOj 

In alkaline solution the oxidation of the sulfur of a thioamide to 
the sulfate ion is quantitative and may be used for the estima¬ 
tion of thionsulfur.*^®* In neutral or acid solution the product 
is RCSONH 2 which may have the tautomeric structure RC- 
(:NH)SOH.388. 

Ozone removes hydrogen sulfide from two molecules of thio- 
benzamide leaving PhCSNHC(:NH)Ph.»38 

Iodine may react in several ways, depending on conditions. It 
may remove the sulfur as the element ®^®* or may oxidise a thio¬ 
amide to the disulfide: 

2 RC(:NH)SH 4-12 -* RC(:NH)S«SC(:NH)R -|- 2 HI 

Or it may cause the formation of a substituted thiadiazole.^^^ 
In alkaline solution oxidation to the amide is quantitative.^^® 
Oxidation by selenous acid gives the disulfide and selenium.^^^ 

Thionyl chloride and sulfur chlorides may desulfurize thio¬ 
amides to the corresponding amides or convert them to compli¬ 
cated products.^®®*' 

The oxidation of thioacetnaphthalide to a 2-methylnaphtho- 
thiazole involves a hydrogen of the ring.®^^® The same is true of 
the oxidation of PhN:C(SH)CH(C02Et)2 to a derivative of 
benzothiazole.^®® 

Nitrous acid converts two molecules of thiobenzamide into a 
diphenylthiadiazole to which two different structures have been 
assigned.^®®* ^^® Oxidation by a dichloramine takes the same 
course.^®®* 

Thioamides can be reduced to primary amines by aluminum 
amalgam,by zinc and hydrochloric acid,®** *** ®®®* 
311 b. 619 Qj. electrolytically.*^^^ Thiobenzanilide is reduced to ben- 
zylaniline.®^ Thiobenzamide is reduced by lithium aluminum hy¬ 
dride to benzonitrile and benzylamine.^®* Hydrogenation with 
palladium catalyst gives the amine.**® Raney nickel may take a 
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thioamide to the amine or all the way to the hydrocarbon.*® 
Sodium amalgam converts thiobenzamide into trimeric thioben- 
zaldehyde.*®*’ Stilbene may be produced by zinc and acid.*® 
Lauronitrile, sulfur, an iron polysulfide catalyst, and hydrogen 
give lauryl mercaptan. The thioamide must have been formed 
and then hydrogenated.*^* A limited reduction to a Schiff’s base 
is possible: ^** 

PhC(;NPh)SH + 2 H PhCHtNPh + HgS 

The aldehyde may be obtained by hydrolysis. 

A thioamide reacts with hydroxylamine as a ketone would: 

605a, 688 

RCSNHg + HgNOH RC(:NOH)NH2 + HgS 

Thio-oxamide gives the dioxime H2NC(:NOH)C(:NOH)NH2.2*=' 
Isoxazoles can be made from certain thioxamide oximes.^'*®'*’ 

751 

Thioformanilide, heated with alcohol to 180° in a sealed tube 
gives a compound, S(CH:NPh) 2 , m. 140°.*^* Thio-oxamide con¬ 
denses with an aldehyde and a secondary base: 

(•CSNH2)2 -f 2 RCHO + 2 R'gNH -*■ (•CSNH*CHR*NR'2)2 -f 2 H 2 O 

A thioamide dissolves in aqueous sodium hydroxide from which 
it can be precipitated by carbon dioxide. This is a convenient 
method of purification. When a concentrated alcoholic solution 
of a thioamide is mixed with sodium ethylate and ether added 
the sodium salt is precipitated.^®** These sodium salts are very 
soluble in water and give colored precipitates with heavy metal 
ions. The sodium salts react readily with alkyl halides: **- ^®*®’ 

705d, 706, 710, 7.58b 

CH 3 C(:NPh)SNa + EtBr CH 3 C(:NPh)SEt + NaBr 

[•C(:NMe)SNa ]2 -|- 2 PrCI [•C(!NMe)SPr ]2 + 2 NaCI 

The fact that a mercaptan is obtained by hydrolysis is evidence 
that the alkyl is attached to the sulfur atom.'^®** The partial 
hydrolysis to the ester has been mentioned earlier. 

Benzoylthiobenzanilide can be prepared from the sodium salt 
of thiobenzanilide and benzoyl chloride *®** *®* and also from the 
chloride, PhC(:NPh)Cl, and potassium thiobenzoate.*®* Acetyl 
chloride and thioacetamide give the mixed monothiodiaceta- 
mide: **® 

M«COCJ + MeCSNHg MeCONHCSM* + HCl 
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A thioamide may be alkylated also by heating it with an alkyl 
halide; 


CH,CSNHCH2Ph + M*l -♦ CHgC(:NCH2Ph)SM«*HI 
CHgCSNHg CH2Br CH8C(:NH)SCH2*HBr 

+ 1 I 

CH3CSNH2 CHjBr CH8C{:NH)SCH2*HBr 

This is analogous to the reaction of an alkyl halide with thiourea 
which has been given in chapter 1, Volume I as a favorite method 
for preparing mercaptans. The alkyl halide is supposed to add 
to the sulfur atom to form a sulfonium complex which rear- 
ranges.^^2®* The product is a salt of a thioiminoester from 

which the free ester is liberated by alkali. These esters form 
picrates and platinum complexes. On heating, an iminoester salt 
decomposes into an alkyl halide and a thioamide, reversing the 
reaction by which it is formed.^*^ The acid hydrolysis to a thio 
ester has been mentioned above. 

The same iminoester salts can be prepared, in an entirely dif¬ 
ferent way, from a nitrile, a mercaptan, and a halogen acid: 

Stla. 171, 172, 332b, 337, 350, 547, 548, 625, 620, 660 

CHgCN -H HSEt + HCI -*■ CH3C(;NH)SEt*HCI 
CIgCCN -i- HSM* -I- HCI -* Cl3C(!NH)SM«*HCI 

An amine replaces the :NH group of a thioiminoester by 
A thioiminoester and ammonia give an imidine: 

RC(:NH)SR' + NHg ^ RCCtNHjNHj -|- R'SH 

A thioamide can be added to a nitrile: 

PhC(SH):NH -h M«CN ^ PhC(SH)!NC(:NH)Me 

A general method for the preparation of N' thiobenzoylbenzami- 
dines, PhCSN=CArNH 2 , has been described.®^® Addition of a 
thioamide to an amidine has been effected.^®® 

Resorcinol, an alkyl thiocyanate, and hydrogen chloride give 
an iminoester hydrochloride, (H 0 ) 2 C 6 H 3 C(:NH)SR*HC 1 .®®^ 
Thioformamide reacts with proteins to give tough sticky prod- 
ducts which contain mercapto groups.^®^ 

Thioamides condense with halogenated aldehydes, ketones, 
332 c, 737 a-haloacids, and various other bifunctional compounds 
310b, 670b ^ form thiazoles. Examples will be found in the chapter 
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on thiazoles. This use of thioamides has stimulated their prepa¬ 
ration. 

a-Aminothioamides condense with ketones and aldehydes to 
4-thiohydantoins.^*’ They can be acetylated, formylated,^® or 
benzoylated by conventional methods. Thiobenzoic hydrazide 
condenses w^ chloracetic acid to a thiadiazole.®^®** With form¬ 
aldehyde tbe product is a thiadiazole.’®®* a-Aminophenylthio- 
acetamide and diacetyl give 2-acetonyl-2-methyl-5-phenyl-4- 
imidazolidinethione.^' Derivatives of thiazoline and of thiazolidine 
may be obtained by the condensation of carboxylic acid thio¬ 
amides with acetylenecarboxylic acids and their dimethyl es¬ 
ters.®®^ 

The potassium salt of a thioanilide and an iminochloride give 
an iminosulfide.®®® A thioamide gives colored condensation 
products with potassium trithiocarbonate with Na 3 Fe(CN) 5 - 
NH 2 ,®^® and with diphenylmethylene chloride, Ph 2 CCl 2 .^®^ 
Thioamides are cryoscopically abnormal, indicating the struc¬ 
ture RCS'NHR'.^' In acetamide the freezing point lowering 
is greater than normal but not so in formamide.^®^ 

Thioamides form eutectics with their oxygen analogs. Several 
of these are given in Table 3.1.®“® 


Table 3.1 

Eutectics of Amides and Thioamides 


Amide 

X=0 
Jlf.p., “C 

x=s 

M.p., °C 

Eu 

M.p., °C 

% Thio 

MeCXNHPh 

113.6“ 

75° 

49.8° 

70 

PhCXNH 2 

130° 

117.4° 

80° 

56 

PhCXNHPh 

161° 

101 . 6 ° 

88.5° 

82 


Thioacetamides in which at least one hydrogen atom remains 
on the nitrogen are markedly associated.®^^ 

Thioacetamide forms azeotropes with ethyl sulfide and iso¬ 
butyl mercaptan.^’ 

The spectroscopic evidence of the structure of thioacetam¬ 
ide is not conclusive but appears to favor the structure, CH3- 
CSNH 2 .^®®* *®® The absorption spectrum of thioacetamide is 
much like that of thioacetpiperidide, CH 3 CSNC 6 H 10 , which is 
evidence for the structure CH 3 CSNH 2 .^®^® On the other hand the 
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.molecular susceptibility, 42.45, indicates CH8(:NH)SH.^^2*' The 
Raman spectrum has been studied.^®® The S-H frequency is miss¬ 
ing.^®®- The ultraviolet absorption and diamagnet¬ 

ism of some thioamides have been determined. The light ab¬ 
sorption of C:S is greater than that of C:0.^®® The infrared spec¬ 
tra of the quaternary methiodides of several N,N-disubstituted 
thioamides have been recorded.^®® Certain gold complexes of 
thioacetamide have been x-rayed . 2 ®'^ Thiobenzamide shows 
strong and selective absorption. Its mercury salt is a thiol deriva¬ 
tive.^®® 

Crystallographic data have been given for thioacetanilide.®® 
Crystals of dithio-oxamide are triclinic.^^®-® 

Thioformamide ®^®’ ^^®' ®®® and thioacetamide *®’ ®®’ 2 ^®' 

430, 445 , 049. 712 superior to hydrogen sulfide for precipitating the 
sulfides of heavy metals in quantitative and qualitative analysis. 

Dithio-oxamide, known as rubeanic acid, is used as a sensitive 
test for zinc, cadmium, nickel, cobalt, lead,^^^* ’®® and especially 
for copper ions.®^* ®®- ‘‘‘‘® ®* ‘‘^ 2 . soo, 003. 730, 740. 741.753 jt has been 

recommended for the potentiometric titration of copper. Accu¬ 
rate results are claimed.^®® In alkaline solution it gives an un¬ 
stable blue compound with the ferric ion . 2 '^ It is employed in a 
test for the passivity of iron.®^® It gives precipitates with plati¬ 
num, gold, and chromium ions.®'^ The ruthenium compound has 
been studied spectrophotometrically.'^®^ The solubilities of the 
copper, nickel, and cobalt salts have been determined in various 
solvents.^^ Diphenyl rubeanic acid gives colored precipitates 
with nickel, copper, cobalt, silver, mercury, lead, bismuth, and 
gold.'^®®-® Oxanilic thioamide, PhNHCO*CSNH 2 , gives character¬ 
istic colored precipitates with metals of the sulfide group.^'^^ 
Thiobenzohydrazide and derivatives, PhCSNHNHR, give com¬ 
plexes with nickel.®*® The nickel and copper derivatives of dithio- 
oxamide are used as molecularly oriented dichroic stains in a 
plastic.® 

Resinous products are said to be obtained by condensing cer¬ 
tain thioamides with formaldehyde.®®’ *®®’ ®2®’ ®®2* Thioamides 
have been suggested as vulcanization accelerators, insecticides, 
and fungicides,**®’ *®*’ **®’ 2 ®®’ 2s®> 3i9, 333a, 333b, 497, sii, 503 

as corrosion inhibitors,**’ 28*’ 284 ,442 additions to lubricating 
oiis,284, 603 fQ|. textile assistants,*®® and as artificial fibers.®®® In 
the copper-catalyzed autoxidation of cyclohexene, the rate de¬ 
creases when N,N'-dicyclohexyldithio-oxamide is used as the che- 
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lating agent, but in the iron catalyzed reaction, it is increased 
greatly 

Physiological 

Thioacetamide is one of a number of compounds that activate 
glucolysis in certain bacteria.^^^ It stimulates the germination of 
dormant lettuce seed.®®^ Several thiohydrazides and thiohydra- 
zones have bactericidal and fungicidal activity.®^® Hypnotic 
effects have been observed in several thioamides.^^* The hypnotic 
power of N-diethylthioacetamide is about five times that of 
acetamide.*® Thioamides have shown antipyretic effects.^^* Cer¬ 
tain thioacetamides produced cancer of the bile ducts in rats,^’® 
while others showed antitubercle bacteria activity *** 

Physical Properties of Some Thioacids and Derivatives 

The aim is to show what compounds have been made, some of 
their properties, and who made them. No claim is made for com¬ 
pleteness. As has been pointed out in the introductions to similar 
lists in previous volumes, our knowledge of the properties of the 
majority of organic compounds is sketchy and often of doubtful 
accuracy. Divergent data are often given by different authors 
for the properties of the same compound. Distillation tempera¬ 
tures commonly masquerade as boiling points. Those given for 
low pressures are especially unreliable. 


Table 4.1 

Elevation of Boiling Points by Acetylation 



ROH 

B.p., 

ROAc 
B.p., “C 

Eleva¬ 

tion 

RSH 

B.p., 

RSAc 

B.p., 

Eleva¬ 

tion 

“C 

Methyl 

64.5 

57.2 

-7.3 

7.6 

98 

90 

Ethyl 

78.32 

77.15 

-1.17 

34.7 

116.4 

81.7 

Propyl 

97.17 

101.6 

4.4 

68 

139.8 

71.8 

Butyl 

7117.7 

126.5 

8.8 

98 

163.4 

65.4 

Amyl 

137.9 

148.8 

10.9 

126.5 

185.1 

58.6 

Hexyl 

156.5 

169.2 

12.7 

151.5 

205.8 

54.3 

Heptyl 

176.35 

191.5 

15.2 

176.2 

227.4 

51.2 

Octyl 

194.7 

210 

15.3 

199.1 

247.0 

47.9 




Thioadds 


59 


In Table 4.1, the elevation of the boiling points of alcohols and 
of mercaptans by acetylation are contrasted. On account of asso¬ 
ciation, the boiling points of the alcohols are abnormally high. 
Methyl and ethyl acetates actually boil lower than the corre¬ 
sponding alcohols. All of the thiolacetates boil much higher than 
the mercaptans from which they are derived. The difference de¬ 
creases from 90® for the methyl to 48® for the octyl. 

Table 5.1 

Boiling Points of Acetates, Thiolacetates, and Thionacetates 



CHsCOOR 
B.p., ®C 

Differ¬ 

ence 

®C 

CHsCO-SR 
B.p., ®C 

Differ¬ 

ence 

®C 

CHsCS-OR 
B.p., °C 

Methyl 

57.2 

40.8 

98 

-10 

88 

Ethyl 

77.15 

39.2 

116.4 

- 6.4 

no 

Propyl 

101.6 

38.2 

139.8 

-11.8 

128 

Butyl 

126.5 

36.9 

163.4 

-16.4 

147 

Amyl 

148.8 

36.3 

185.1 

— 

— 

Hexyl 

169.2 

36.6 

205.8 

— 

— 

Heptyl 

191.5 

35.9 

227.4 

— 

— 

Octyl 

210 

37.0 

247.0 

— 

— 


In Table 5.1 the boiling points of the thiolacetates and thion¬ 
acetates are contrasted with those of the acetates. The same is 
done with the densities in Table 6.1. 

Table 6.1 


Densities 25/4 of Acetates, Thiolacetates, and Thionacetates 



CHsCOOR 

Differ¬ 

ence 

CHsCO-SR 

Differ¬ 

ence 

CHsCS-OR 

Methyl 

0.9274 

0.0896 

1.0170 

-0.0372 

0.9798 

Ethyl 

0.8945 

0.0794 

0.9739 

-0.0184 

0.9555 

Propyl 

0.8845 

0.0692 

0.9537 

-0.0552 

0.8985 

Butyl 

0.8761 

0.0629 

0.9390 

-0.0465 

0.8925 

Amyl 

0.8659 

0.0626 

0.9285 

-0.0667 

0.8618 


In Figure 1.1 the boiling points are plotted against the number 
of carbons in the alkyl. In all three series the methyl esters boil 
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slightly higher than would be expected. The difference between 
the thiolacetates and the acetates starts at 40.8® with the methyl 
esters and comes down to about 36.5® at the butyl and then re¬ 
mains approximately constant. The thionesters boil about 10® 



lower than the thiolesters, but the data are not consistent enough 
for a close comparison. 

In Figure 2.1 the boiling points of the same esters are plotted 
against their molecular weights. For comparison, the boiling 
points of the mercaptans and the normal hydrocarbons are added. 


1 





1 
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The thiolacetates boil slightly above the hydrocarbons and the 
acetates a little below. The mercaptans are considerably higher. 

The differences of the densities of acetates and thiolacetates 
decrease regularly as the alkyls lengthen. The thionesters have 
lower densities than the thiol. 

The data for dithioesters are too scanty for comparisons. 

Thiolacids, RCO’SH 

MeCOSH, m. -75°; bTeo 87.5° «« b. 93°,i3- mb. cm. ew gg_ 
910^138,690.6 88-9° « 85-90° 85.5-7.5°,87°,97-9°,'^«^‘‘ 

87.1°,«w 85-8°,«2 92-7° ;«2o ^ 20/4 1.0693,iw dio 1.074,i73«. eo7 
dao 1.0681 ;«5i n 20/D 1.4636,i=« 1.4648,«w 1.4582,«2 n 18.8/D 
1.4451 K = 4.7 X 10-^288 
EtCOSH, b. 108-9°,^’* 281 142°.7i4 
PrCOSH, b. 119-20°,23i 125-32°,“! 
i-PrCOSH, b. 130°.e»! 

BuCOSH, b. 133-40°.28i 
t-BuCOSH, b. 121 °.281 
t-BuCOSH, b. 125-7°.23i 
AmCOSH, bee 98-101°.28i 

PrCHMeCOSH, n-bae 71-2°; [a] 25/D 7.49°; L-[a] 25/D 
-7.08.“2« 

HexCOSH, bii 81°.23i 
MegCCHaCHaCOSH, b. 200 - 15°.«82 
HepCOSH, bio 95°,28i be 72°.8»o-8 
OctCOSH, bio 105°.23i 
C 13 H 27 COSH, m. 25°.“» 

C 15 H 31 COSH, m. 71°.i9 
C 17 H 35 COSH, m. 29-51 °.w®-5 
H 2 C:CH(CH 2 ) 8 C 0 SH, polymeric, m. 95°.“““ 

PhCOSH, m. 24 °, 2 w. 243. 494 . 690.6 I 8 °;“i“b 3 75°,»»»» bae 100- 
12°;“! n 20/D 1.6030.299 

MeC 6 H 4 COSH, 0 , bge 133°p, m. 44° bis 131°.«““ 

CICH 2 COSH, bifl 46°.“9 

CI 2 CHCOSH, bi5 56°.“«9 

CI 3 CCOSH, bn 57°,i««, bi 2 56°.999-5 

0 -HOC 6 H 4 COSH, m. 33 °.990-5 

P-FC 6 H 4 COSH, m. 36° .228 

p-BrC 6 H 4 COSH, m. 78.5°.99o-6 

P-N 02 C«H 4 C 0 SH, m. 90-5°,9!“> “21 94°.590.5 



62 


Organic Chemistry of Bivalent Sulfur 


3.5- (NO 2 ) aCeHaCOSH, dec.«»«« 
p-PhC«H 4 COSH, m. 

P-C10H7COSH, m. 

PhaCHCOSH, m. 55°.««« 
l-PhCsHgCOSH, m. 44°; K salt m. 167° 

PhCONHCHaCOSH, m. 100 °. 

HaNCHMeCOSH, m. 250 - 5 °,^34 nBz., m. 94°. 

C 4 H 30 -C 0 SH, m.-9°;bie 101-3°; n 24/D 1.589.“8« 
3 -C 5 H 4 N-COSH, thionicotinic, m. 147°.''* 

Dibasic Acids 

Thiomalonic, m. 10°.®'® 

Thiosuccinic, m. 27°.®®*® 

Monothiosuccinic, m. 61°.^^'*’^’®® 

Thioglutaric, m. 10 °.®’® 

Monothioglutaric, m. 3l°.4i4, 476 b 

Thioadipic, m. 27.5°,®’®- ®’® 25°,“’“ 26.5“,“’®“ 24°.®®*® 

Monothioadipic, m. 4l°.4i4, 475 b 

Thiopimelic, ra. 5°,“’“ 13.5°;“““-“’®'* d 20/4 1.158; n 20/D 
1.5295.“’“ 

Thiosuberic, m. 20-5°,“’“ 16°,®’® 15.5°.“““- “’®“ 

Thiozelaic, ra. 20-5°,“’“ 16°,®’® 23°.“’®“ 

Thiosebacic, ra. 30-5°,“’“ 26°,®’® 30.5°.“’®“ 

Thioisophthalic, ra. 67-73°.“’“ 

Thioterephthalic, ra. 125-8°.“’“ 

2.5- Diraethoxythioterephthalic, ra. 139°.“““- “’®“ 
Thiohoraoterephthalic, m. 49°.“““' “’®“ 
p-Thiophenylenediacetic, ra. 73.5°.“““- “’®“ 
1,2,3,4-Tetrahydrothiophthalic, 0-67 142-3°; P-be 148-50°.®“® 
Hexahydrothioterephthalic, ds-, ra. 38°; trans-, ra. 80.5°.“““- “’®“- 

475b 

[CH 2 CH 2 CH 2 SC 0 (CH 2 ) 4 C 0 SH] 2 , ra. 45°.“’®* 

Seleno-Acids 

PhCOSeH, ra. 133°.““® 

Acyl Sulfides, Disulfides, and Polysulfides 

(MeCOlaS, b. 152-4°,“®®* bao 62°, b^o 82°,“®® bao 62-3°,” 66-7°, 
6747 156-«°,“«« b 7 eo 152-4°,“®®* b. 155-8°,”- “®*- “«» 157°,“’®*-“’®« 
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121°; 343. 365., 366. 614 ^ 20/4 1.1317,1.122;” 
n 20/D 1.4826,15* n 21/D 1.4810.” 

(ClCHzCOzS, m. 47°; bn 130°.i5 
(PhCOzS, m. 48°.2.243 
(l-PhCeHsCOzS, m. 

(Ph2CHC0)2S, m. 140°.*«5 

(MeC0)2S2, m. 20°,»«« 21°; 45.^2 105-6°.” 

{BuCO)2S2, m. 90°.9i« 

MeCOSSCOPh, m. 50°.”-5 

(PhCO)2S2, m. 130°,2. 227.714 i29°,*4e 136 °,65 128.5°.i«5 
(l-PhC5H8CO)2S2, m. 83.5°.“^! 

(p-MeC«H4CO)S2, m. 116 °.”^ 

(P-N02C6H4C0)2S2, m. 183°,*5. 371. 421 181».245 

(3-C5H4N*C0)2S2, thionicotinic, m. 89°.” 

(MeCO)2S3, m. -25°,”-5 -19^-7°; d 22/4 1.3423,*® d2o 1.3504; 

n 20/D 1.6000; MR 46.2.”-5 
(PhCO)2S3, m. 168°.“ 

(MeCO)2S4, n 20/D 1.6428.”-* 

(PhCO)2S4, m. 84°,«5 85°.” 

MeCOSCl, bi8 42°.”' ” 

MeCOSaCl, bi 38-9°.” 


Thiolesters 
Thiolformates, HCOSR 

Ethyl, b 76 o 103-6°; d 25/4 1.019; n 26/D 1.4500.55i« 

Propyl, b 763 108.5°; d 23.5/4 0.9323; n 23/D 1.4580.551- 
Benzyl, b 26 109-11°.”4 

Thiolacetates, MeCOSR 

Methyl, b 76 o 98°,”* 96°,5®i 95-6°,522.567. 6 O 8 . 706 950 ^ 1735 . 173c 97 . 5 . 
8.8,”«-5 62-^°,i”'» b762 95-6°; d 0/4 1.0461, d 25/4 1.0170,”* 
d 3 o 1.013,i««-5 d 30/4 1.0111 ;««8 n 25/D 1.4600,”® 1.4620,”^ 
n 23.5/D 1.4661; n 30/D 1.4972; MRd 24.30.i“- 5 
Ethyl, b 760 116.4°,”5 117°,456.614 116 - 8 °,*41 116 - 7 °,55. 186 116°,361 
115-6°,567 115-7°,”* 114°,2»« 114-6°,^** 113-4.5°,”*-5 6735 
113.5°,*15 b744 115-6°;”" d 0/4 1.006,”* l.OOS,*® d 20/4 
0.9742,*i5 d 25/4 0.9739,”* 0.9740,”" 0.9755,** d3o 0.971; ”*-5 
n 20.6/D 1.4583,*"* n 25/D 1.4540,”* 1.4564,2*8 ^ 28 /D 



64 


Organic Chemistry of Bivalent Sulfur 


1.4503,*® n 30/D 1.4473; MRd 28.30;'*®-® magnetic suscepti¬ 
bility 0.6019.2'® 

Propyl, bxeo 139.8%"® Weo 135%"^ b, 137%*®' 135-7%®®’' ’®® 137- 
9.5%'*®® d 0/4 0.9789, d 25/4 0.9537,"® 0.9660,"^ dso 
0.955;'*®-® n 25/D 1.4558,"® 1.4540,’« n 30/D 1.4533; MRd 
33.6.'*®® 

i-Propyl, b. 122-3%®®’ 126%*®' 124-7%’®® 126-7%®®* 124-5%'*®-® 
b 75 o 124-6“; ’« dao 0.952,'*®-® d 30/4 0.9322; n 23.5/D 1.4502,®®* 
n 30/D 1.4445; MRd 33.2.'*®-® 

Butyl, b 76 o 163.4“,’'® b. 134-5“,®®’ b 738 159-60“; ®'» d 0/4 0.9628, 
d 20/4 0.9390; n 25/D 1.4570.’'® 
s-Butyl, b. 148-51.5“; dso 0.933; n 30/D 1.4528; MRd 38.25.'*®-® 
i-Butyl, b 744 151-2“,**® b 76 o 151-2“,®®* b. 148-50“,’®® 148“,*®'-’« 
b 737 149-50“;®'® d 30/4 0.9291; n 23.5/D 1.4555.®®* 
e-Butyl, b. 130-3“,'*®® 129-35“,'®’ 120-30“,*®® bn 31-2“,®*® bn 
38“,«®» b 28 44-5“;®'® dso 0.918,'*®-® d 30/4 0.9290;®®* n 20/D 
1.4500,*®® n 23.5/D 1.4490,®®* n 30/D 1.4435; MRd 38.4.'*®-® 
Amyl, b 70 o 185.1“,’'® bn 70-1“; ®'® d 0/4 0.9511, d 25/4 0.9285; 
n 20/D 1.4579.’'® 

i-Amyl, b 748 175-7“,**® b 737 174-5“;®'® d 20/4 0.9256; n 20/D 
1.4590.**® 

Hexyl, b 76 o 205.8“,’'® bn 28-9“; ®'® d 0/4 0.9408, d 25/4 0.9192; 
n25/D 1.4591.’'® 

1- Hexyl, bi« 89“; n 25/D 1.4575.*®* 

2- Methylpentyl-3, bn 70“; n 25/D 1.4603.*®* 

Heptyl, b 7 «o 227.4“; d 0/4 0.9334, d 25/4 0.9128; n 25/D 
1.4600.’'® 

Octyl, b 76 o 247“,’'® bas 132-3“,®® bn 114-5“;®'® d 0/4 0.9259, 
d 25/4 0.9058; ’'® n 20/D 1.4648,®® n 25/D 1.4609.’'® 

Nonyl, bn 128-9“.®'® 

Decyl, bn 140-1“.®'® 

Dodecyl, bj 162-5“; d 20/4 0.891; n 20/D 1.4648.2^8 
<-Dodecyl, bs 85-95“; n 20/D 1.4785.*®® 

Cetyl, m.30.3“; bi.o 168“.®® 

Cyclohexyl, bn 90“,'®® bn 98“.®®®-® 

2-Methylcyclopentyl, bao 101“; n 25/D 1.4900.*®* 
2-Methylcyclohexyl, bn 110“.'®®'*®* 

Vinyl b. 121“; d 25/4 1.0136; n 25/D 1.4892.'®®' '** 

Allyl, ba 9 53-4“; d 25/4 0.9850; n 25/D 1.4797.®®® 

2-Butenyl, bas 73“;dao 0.9811; n 20/D 1.4868.'®® 
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Hexenyl, 62083^11 20/D 1.4899.32 
Hexa-l,3-dienyl, bo.ooi 66 “; n 28.5/D 1.5330.3^ 

Phenyl, m. 19.5“;«»« b. 228“,i73b, nsc 228-30“,bi .5 66 “, bg 
82“,«»® bj 95“,-‘»3 bs 110-r,3«7 bn 110“; n 20/D 1.5700.«»» 
PhCHa-, bio 120“,‘‘»3 bo .7 75.5-6.8“; n 25/D 1.5565.3®® 
PhCHMe-, b 4 105“,®® bn 123-5“; d 20/4 1.0698; n 20/D 
1.5480,3i<' 1.5429.®® 

PhCHsCHs-, bi 3 134-5“; d 20/4 1.0730; n 20/D 1.5428.3'«^ 
m-MeC 6 H 4 -, bi., 81-2“; n 25/D 1.5609.®*® 
p-MeC«H4-, bi4 121“; 24 bs 100“.“®® 
m-MeOC«H 4 -, b, 119“; n 20/D 1.5701.««® 
p-MeOC«H 4 -, m. 100“.®” 

2,4,6-(MeOaCoHsCHPh-, m. 137“.3’® 
p-EtOC«H 4 -, m. 40“.«” 
p-BrC 6 H 4 -, m. 52“.«»® 

PhCHrCH-, m. 460“,3«' bm 125“; n 20/D 1.5475.“® * 

PhaC-, m. 147.5“.3®« 

CICH 2 CH 2 -, bi 7 76-6.5“; d 20/4 1.2010.“®® 

FCH 2 CH 2 -, bioo 87“; d 25/4 1.4041; n 25/D 1.4525.“®®® 
HOCH 2 CH 2 -, bs 95 “; 321 Ac., bn 107-8“,“®®* “«« bss 118-20“.®®® 
AcOCHaCHEt-, bn 108-10“; n 20/D 1.4698.“® ® 
CH 3 CH(OAc)CHMe-, bn 105-^“; n 18/D 1.467.“® ® 
AcOCH 2 CH(C 6 Hn)-, ba 122“; n 20/D 1.4682.“®® 

3-Hydroxy-1-hexenyl, bo.oooo 76“; n 16/D 1.5730.3“ 
3-Hydroxy-3-phenyl-l-propenyl, bo.ooi 115“; n 20/D 1.5730.*“ 
AcO CH(CH2)4g H cis bn 134-5“; n 20/D 1,496; trans bn 
12^-34“; n 20/D 1.484.“®*® 

C1CH2CH(0H)CH2-, bo.4 94“.®®“ 

HSCH 2 CH 2 -, b 4 o 95-7“;®““ diAc., m. 68-73“,“®®® 60“.®““ 

HSCH 2 CH 2 CH 2 -, b 4 o 115-6“; diAc., bso 178“, 6700 255“.®““ 

MeCOCHa-, ba 130-4“.®25 

MeCOCH2CH2CH(CHMe2)-, bn 134“.“2 

MeOCHa-, bn 94“; d 0/4 1.1975, d 27/4 1.1819; n 27/D 1.5178.“2» 

OCHCH 2 CH 2 -, bi 66-70“; n 20 /D 1.5079.®® 

OCHCHaCHMe-, ba 59^“; n 20/D 1.5025.®® 
OCHCHaCHPh-, m. 44“; bi 115-7“.®® 

H 2 NCH 2 CH 2 -, HCl, m. 137“.“2® 

H 2 NCH 2 CH 2 CH 2 -, HCl, m. 130“.“*“ ® 

H2N(CH2)4-, HCl, m. 150“.“*“ ® 

H 2 N(CH 2 )«-, HCl, m. 115“.“*“» 
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H 2 N(CH 2 )io-, HCl, m. 145°.^3 i.5 

NCCH 2 CH 2 -, bs 94°; d 2 o 1.1212; n 20/D 1 .4912.^58. 

3-Thienyl, m. 43°; bi 84-6°.»5 
2-Thenyl, bs 56-60°. 

p-2-pyridylethyl, bi.o 95-7°; n 25/D 1.5480.’«® 

P-2-(5-ethylpyridyl)ethyl, b ».5 131-6°; d 25/4 1.0664; n 25/D 
1.5377.^«® 

MeCH=, bio 103°; dig 1.1064; n 16.5/D 1.5212.‘‘«-3 

Thiolpropionates, EtCOSR 
Methyl, b. 119^20 °.“2 

Ethyl, m. -95°; b. 136°; d 20/4 0.9608; n 20/D 1.4584.’«‘» 
Butyl, bi 5 64.5°. 

2-Thenyl, ba 79-83°.38^ 

EtCH=, bi2 131°.'‘«-3 

Thiolacrylates, CHt.CHCOSR 

Methyl, bge 44.0-45°; n 21.1/D 1.5023.3^® 

Ethyl, b. 75-104°; 32.5 hu 40.0-41.5°; n 21/D 1.4896.®*® 
Propyl, b 4 37.0-39.7°; n 20.8/D 1.4892.®*® 
t-Propyl, b 4 28.0-31.5°; n 21/D 1.4821.®*® 

Butyl, bi 42°; n 21/D 1.4870.®*® 
i-Butyl, bg 44.0-46°; n 21.2/D 1.4837.®*® 

<-Butyl, bg 44.5^5°; n 21.2/D 1.4808.®*® 

Dodec, bo .4 121-133°; 5®* bn 174-8°.®®-® 

Ph, bio 150-180°.®®-5> 58* 

PhCHa, bo.g 94-103°,58i bo.os 94-103°.®2-5 
p-MeC6H4-, bo.6 89-94°; 581 bo.s 68-95°.®®-® 

HOOCCH 2 -, bo.06 100-20°.®®® 

Thiolbutyrates and Thiol-i-butyrates 

PrCOSBu, bi 2 80.1°.®®* 
i-CnHaoSCOPr, ba 130-45°.®®® 

(PrCOSlaCHPr, big 168°.*®-® 

PrCOSPh, bo 122°.*®® 
i-PrCOSMe, b. 140-44°.®®® 
i-PrCOSBu, bi 2 86.5°.®®* 
i-PrCOSPh, bio 129°.*®® 


Thioacids 


67 


Thiolmethacrylates and Thiolcrotonates 

MeCH:CHCOSPh, bs ISO”.-**® 

CHarCMeCOSPh, bs 117°; n 20/D 1.5774*^^ 
CHarCMeCOSCHaPh, ba 130°; n 20 /D 1.5681.“^^ 

Higher Esters 

(Me 3 CCOS) 2 CHCMe 3 , m. 51°; bia 142°.“® ® 

AmCOSPh, bi 3 152°.'‘9® 

Me 3 CCH 2 CH 2 COSMe, b744 188-94°,b745 195°; n 25/D 
1 . 4570.993 

HepCOSCaHii, bz 103°.9*9.5 
HepCOSPh, b 7 168°. 

MeCH:CHCH:CHCOSPh, bs 160°.«® 

Thiollaurates, CuHtsCOSR 

Methyl, bi 112-5°; d 60/4 0.8734; n 25/D 1.4642, n 60/D 

1 . 4496.995 

Ethyl bi 115-7°; d 60/4 0.8645; n 25/D 1.4626, n 60/D 1.4478.986 
Propyl, bi 126-^°; d 60/4 0.8610; n 25/D 1.4628, n 60/D 

1 . 4478.999 

Butyl, bi 133-5°; d 60/4 0.8595; n 25/D 1.4640, n 60/D 1.4493.9«5 

Thiolmyristates 

Methyl, m. 34-5°; d 60/4 0.8668; n 60/D 1.4507.9«5 
Ethyl, bi 134-6°; d 60/4 0.8609; n 25/D 1.4632, n 60/D 1.4488.9«6 
Propyl, bi 148-50°; d 60/4 0.8568; n 25/D 1.4627, n 60/D 

1 . 4485.999 

Butyl, bi 149-51°; d 60/4 0.8570; n 25/D 1.4642, n 60/D 

1 . 4501.999 

Thiolpalmitates, CtsHstCOSR 

Methyl, m. 45°; d 60/4 0.8644; n 60/D 1.4521.5«9 

Ethyl, bi 172-5°; d 60/4 0.8547; n 25/D 1.4648, n 60/D 1.4513.9«9 

Propyl, m. 28°; d 60/4 0.8559; n 25/D 1.4642.9«9 

Butyl, m. 30°; d 60/4 0.8579; n 25/D 1.4646, n 60/D 1.4505.9«s 

Glyceryl, m. 71°.98^ 

Thiolstearates, CnHssCOSR 

Methyl, m. 51°; d 60/4 0.8624; n 60/D 1.4526.9«6 
Ethyl, m. 39°; d 60/4 0.8550; n 60/D 1.4514.989 
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Propyl, m. 35°; d 60/4 0.8508; n 60/D 1.4509.5«« 

Butyl, m. 32°; d 60/4 0.8534; n 60/D 1.4529.»«5 
c-Hexyl, m. 44°.5»«-6 

Thiololeates, CjyHjsCOSR 

Propyl, bi 175-8°; d 60/4 0.8643; n 25/D 1.4713, n 60/D 

1 . 4577.‘'«5 


T hioloxalates 

Methyl, m. 83.5°.®'** 

Ethyl, m. 27.5°; b. 235°,238-40°.**^ 
Propyl, bi 5 158°.®®* 
i-Amyl, bi» 206°.®®* 

Phenyl, m. 120°.®®* 

Thiolmalonates 

Ethyl, bio 135°.®®^ 

Phenyl, m. 94.5°.®®^ 

Thiolsuccinates 

Ethyl, bio 165°,®®^ b. 270-1° dec.*« 
Phenyl, m. 90.5°.®®^ 


Thiolglutarate 

Cyclohexyl, m. 66 °.^** 


Thiolsebacate 

Cyclohexyl, m. 69°.^*® 

Hexamethylene Esters of Monothioadds ^^®'’ 

Succinic, H 02 C(CH 2 ) 2 C 0 S(CH 2 ) 6 SC 0 (CH 2 ) 2 C 02 H, m. 124°. 
Glutaric, H 02 C(CH 2 ) 3 C 0 S(CH 2 ) 6 SC 0 (CH 2 ) 3 C 02 H, m. 107°. 
Adipic, H 02 C(CH 2 ) 4 COS(CH 2 )oSCO(CH 2 ) 4 C 02 H, m. 124°. 
Phthalic, H 02 C-CoH 4 COS(CH 2 ) 6 SCOC 6 H 4 C 02 H, m. 138°. 

a,^-Dibromothiopropionates, CHgBrCHBrCOSR ®^* 

Methyl, bo .3 69.0-69.7°; n 21/D 1.5814. 

Ethyl, bi 80.5-82.5° ;n 21/D 1.5613. 

Propyl, bi.s 125-126°; n 20.1/D 1.5519. 
i-Propyl, bo .7 87.8-88.8°; n 20.1/D 1.5462. 
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Butyl, bo .7 103-105°; n 20.2/D 1.5436. 
i-Butyl, bo .7 99.0-99.8°; n 20.6/D 1.5420. 
t-Butyl, bo .4 61.8-66.5°; 21.1/D 1.5361. 

Table 7.1 
Chlorotkioacetates 



ClCHtCOSR 

CltCHCOSR 

ChCCOSR 

Methyl 

b. 160°, bi6 58° 7® 


b2o93.5°««* 

Ethyl 

b. 166-7° ‘‘«® 

b. 177-8° “s® 

— 

Cyclohexyl 

bi4 132° 7«» 

bi2 148° 7«« 

bi2l5r7«* 

2-Me-cyclohexyl 

bii 137° 7«» 

— 

bo.o5 96° 7*0 

Phenyl 

m.45°7«^ 

— 

— 

p-Tolyl 

m.58°;bi2l53°24 

— 

— 

<-Butyl 

b2i89°;d25/4 

1 . 10237*8 



Cyclohexyl 

— 

— 

bo.5 87"»»^*^ 


Esters of Perfluorothioacids 

CFaCOSEt, b 76 o 90.5°; d 0/4 1.2766, d 25/4 1.2346; n 0/D 1.3888, 
n 25/D 1.3758.2»7 

CFaCFaCOSEt, 6700 103°; d 0/4 1.3765, d 25/4 1.3284; n 0/D 
1.3707, n 25/D 1.3588.2»" 

CFaCFaCFzCOSEt, 6700 149°; d 0/4 1.4618, d 20/4 1.4203, n 0 /D 
1.3631, n 20/D 1.3541.2*7 

(CF3C0SCH2CH2)2CH2, bg 119°; d 0/4 1.3960, d 25/4 1.3624; 
n 0/D 1.4372, n 25/D 1.4268.2*7 

(CF3CF2C0SCH2CH2)2CH2, bg 128°; d 0/4 1.4758, d 25/4 
1.4388; n 0/D 1.4102, n 25/D 1.4001.2*7 

(CF3CF2CF2C0SCH2CH2)2CH2, bg 142°; d 0/4 1.5613, d 25/4 
1.5212; n 0/D 1.3960, n 25/D 1.3864.2*7 

(CF 2 COSEt) 2 , bg 108°.2*« 

CF 2 (CF 2 C 0 SEt) 2 , bg 122°; d 0/4 1.4178, d 25/4 1.3852; n 0/D 
1.4446, n 25/D 1.4349.2*7 

EtSCOCF 2 CF 2 CF 2 COOH, bg 131°; n 25/D 1.4070; chloride b^g 
101°; n 25/D 1.4016.2*7 

Miscellaneous Esters 

C 17 H 35 CH (Me) COSEt, b 0.4 180-90° .s*** 

Et carbethoxyundecanethiolate, bo.g 165-70°.®*®-® 
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3-C4H3S-COSMe, m. 

MeCHClCHaCOSPh, b,o 139"«« 
H0CH2CH:C(CH20H)C0SEt, b2 142-7"32» 
MeCOCH2COSCMe3, bg 55"; n 25/D 1 . 4808 /“ 
MeCOCHgCMesCOSPh, m. 57".«8« 

BzNHCHgCOSEt, m. 86".»“-5 
BzNHCH 2 COSCHMe 2 , m. 81".»“» 

H 2 NCH 2 CH 2 COSPh, HCl, m. 132". 
HgNCHMeCOSCHgCHaNHAc, HCl, m. 176".’3o 
H 2 NCMe 2 COSMe, bga 84-7". 

HsNCMegCOSEt, b 29 89-90"; HCl, m. 193". 
HgNCMegCOSCHMea, b 4 60-1"; HCl, m. 160".‘‘^« 
Me 2 CHCH(NH 2 )COSCH 2 CH 2 NHAc, HCl, m. 211 " with decom¬ 
position.’-'*® 

H 2 NCPh 2 COSCH 2 CH 2 CH 2 NEt 2 , m. 230" with decomposition.’®** 
4 , 3 -HO(MeO)C 6 H 3 CH(NH 2 )CSNH 2 , m. 163".’' 

Benzyl 8 -calfeine- 8 -carbothiolic acid, m. 176".^*® 

PhCH 2 COSPh, m. 40"; bg 161 
PhCHgCOSCHgCHgNEt*, bgo 180"; HCl, m. 97".««® 
PhCHEtCOSCHgCHgNEta, bs 170-1";’«’•HCl, m. 105".««® 
PhCHPrCOSCHgCHgNEta, bg 172-3",’®’ 170-5".«»® 
PhCH(CHMe 2 )COSCH 2 CH 2 NEt 2 , b* 160-1",’®’ 64 160"; HCl, 
m. 125 ".««** 

PhCHBuCOSCHaCHgNEtg, 64 169-70".’®’- 
PhCH(CH 2 CH 2 CHMe 2 )COSCH 2 CH 2 NEt 2 , be 165-6",’®’ 175".««® 
PhCH(CeH„)COSCH2CH2SMe, m. 53"; bo.es 175"; Mel, m. 

121 ".655 

PhgCHCOSCHgCHgNEt^, 64 199-200";’®’-HCl, m. 115".««® 
PhgCHCOSCHgPh, m. 64".«®’ 

(p-BrC 6 H 4 ) 2 CHCOSCH 2 CH 2 NEt 2 , HCl, m. 113".“’® 
Ph 2 C(OMe)COSCH 2 CH 2 NMe 2 , HCl, m. 225".“’® 
Ph 2 C(OMe)COSCH 2 CH 2 NEt 2 , HCl, m. 181".“’® 
Ph 2 C(OEt)COSCH 2 CH 2 NMe 2 , HCl, m. 220".“’® 
Ph 2 C(OEt)COSCH 2 CH 2 NEt 2 , HCl, m. 201".“’® 
Ph 2 C(OCHMe 2 )COSCH 2 CH 2 NMe 2 , HCl, m. 217".“’® 
Ph 2 C(OCHMe 2 )COSCH 2 CH 2 NEt 2 , HCl, m. 183".“’® 
Ph 2 C(OBu)COSCH 2 CH 2 NMe 2 , HCl, m. 227".“’® 
Ph 2 C(OBu)COSCH 2 CH 2 NEt 2 , HCl, m. 187".“’® 
Ph 2 C(OAm-i)COSCH 2 CH 2 NMe 2 , HCl, m. 223".“’® 
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Ph2C(0Am-t)C0SCH2CH2NEt2,HCl, m. 155“.«» 
Ph2C(0CH2CH:CH2)C0SCH2CH2NMe2, HCl, m. 155“ 
Ph2C(0CH2CH:CH2)C0SCH2CH2NEt2, HCl, m. 120“.«» 
PhCH.CHCOSEt, bi 120-40“ “ 

PhCH:CHCOSPh, m. 78“.«5 
PhCH:CHCOSC 6 H 4 Me-p, m. 

PhCH:CHCOSCH2Ph, m. 70“ 

Ph 2 C:CHCOSCH 2 CH 2 NEt 2 , HCl, m. 138“.«» 
l-PhCgHsCOSEt, 134“.‘‘« 

l-PhC 6 H 8 COSCH 2 CH 2 NEt 2 , bo.os 122-3“; HCl, m. 140“, 
137.5.“" 

l-PhC 5 H 8 COSCH 2 CH 2 CH 2 NEt 2 , HCl, m. 133“.“““ 
PhCH:C(COSEt) 2 , b, 177-9“; n 25/D 1 . 6180 .““ 

Esters of Tkiolbemoic Acid, PhCOSR 

Methyl, m. 56“;»“ b. 231 - 2“,“2 b 26 134“; d 25/4 1.1348.®“ 
Ethyl, b. 252-3“,®““' “^4 2510 , b 2.6 83-4“,“““ bi 2 117“,““ bn 146“,®®® 
b52 155-6“,““®® b, 241-3“; «““ d 20/4 1.1003,““®® d 25/4 1.0945 ®®® 
1.0978; n 25/D 1.5578,“““ 1.5721.“®“® 

Propyl, bi 3 114“; d 25/4 1.0693.®®® 

Butyl, b 23 160“; d 25/4 1.0483.®“® 
i-Butyl, b 2 o 150“; d 25/4 1.0426.®“® 
s-Butyl, b 23 151“; d 25/4 1.04757.®“® 
i-Butyl, bn 127“,®8« b 28 110“; d 25/4 1.0437.®“® 
c-Hexyl, bi 130“.»®»® 

Methylene, m. 119.5“.““® 

Ethylene, m. 96“.®““ 

Trimethylene, m. 50.3“.®®“ 

p-Hydroxyethyl, 67 134“ ;d 20/4 1.209; n 20/D 1.5942.®®“ 
p-Aminoethyl, HCl, m. 167“.“®» 

Y-Bromopropyl, bi 148-9“; d 25/4 1.4140; n 25/D 1.5950.®®» 
Phenyl, m. 56.6“,»8® 56“.““- “»®' «®® 

Benzyl, m. 39.5“,®““'®®®’®®® 38“; bi 185“.“®® 
p-Tolyl,m. 75“,«®® 72“,®““ 76“.“»® 
p-Methoxyphenyl, m. 97“.®““ 
p-Ethoxyphenyl, m. 106“.*““ 
p-Bromophenyl, m. 85“.“®® 

2,4-Nitrochlorophenyl, m. 124“.“®“ 

3-Thienyl, C4H3S-, m. 70“.®® 
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2-Thenyl, C 4 H 3 S-CH 2 -, bz.s 155^88" 

Benzal, PhCH, m. us 

-CH2CONHCxoH7-j5, m. 163° 

Esters of Substituted Thiolbenzoic Acids 

Of Miscellaneous Thiolbenzoic Acids 

ClCeHxCOSPh, o, m. 60°; p, m. 183°«« 
p-ClCeHxCOSCeHxMe-p, m. 110 °.‘‘»'' 
P-CIC 6 H 4 COSC 6 H 4 CI-P, m. 137°.582a 
p-FC6H4COSEt, b. 224-5° 22« 
p-FC 6 H 4 COSPr, be 106-10° 

P-FC«H4COSBu, bg 130-3° 22 « 
p-MeOC 6 H 4 COSPh, m. 95°,«« 93.2°.«82a 

p-MeOC6H4COSC6H4Me-p, .m. 65.5°.''82. 
p-Me 0 C 6 H 4 C 0 SC 6 H 40 Me-p, m. 134° 
p-Me0C6H4C0SC6H4N02-p, m. 156°.»25 

3.4- CH202=CeH3C0SPh, m. 185°.«*' 
0 -HOC 6 H 4 COSC 6 H 11 , m. 57°.''»»« 
o-HOCeH4COSPh, m. 55°; Ac., m. 86° 
p-AcOC 6 H 4 COSPh, m. 85°.«'' 

2.4- HO(H2N)C6H3COSEt, m. 96°; AcNH-, m. 157.5°.327 
p-EtS 02 C 6 H 4 C 0 SMe, m. 88°.''« 

02 NC 6 H 4 C 0 SPh, o, m. 100 °; m, m. 132°.«5 

Of p-Nitrothiolbenzoic Acid 
Methyl, m. 97°.285.37i 
Ethyl, m. 68°.285. 286,371 
Propyl, m. 31°.^*® 

Butyl, m. 15°.^®® 

Ethylene, m. 204°.®®'* 

P-Chloroethyl, m. 92°.2«3 
0(CH2CH2-)2, m. 106.5°.®®^ 

S(CH2CH2-)2, m. 119.4°.®®* 

Phenyl, m. 160°,*®® 159.2°,®82« 158°.27® 

Benzyl, m. 85.4°,®«* 82°. 

Tolyl, 0 , m. 91°; m, m. 96°; p, m. 115°,®^® II 40 . 495 . 682 , 
Naphthyl, a, m. 123°; P, m. 184°.27« 

P-NO 2 C 6 H 4 , in. 153.5°.*®® 
p-MeOC«H 4 , m. 125°.*®® 

P-Dimethylaminoethyl, HCl, m. 194.2°.**® 
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P-Piperidinoethyl, m. 55"; HCl, m. 176".i^® 
P-(2-Methylpiperidino) ethyl, HCl, m. 165.9".i^« 
P-Morpholinoethyl, HCl, m. 211",^^® 

Y-Dimethylaminopropyl, HCl, m. 127°.^^® 

Y-Piperidinopropyl, HCl, m. 207.5".^*® 
Y-(2-Methylpiperidinopropyl, HCl, m. 186°.^^® 
Y-Morpholinopropyl, m. 64"; HCl, m. 202",^^® 
Y-Diethylaminobutyl, m. 162°.^^® 

Ester of vitamin Bi, D, m. 135".^^® 

Of p-Aminothiolbenzoic Acid 

Methyl, m. 114".^*® 

Ethyl, m. 79.5" 28®. 28« 

Propyl, m. 61 ".285 
Butyl, m. 38".285 

P-Dimethylaminoethyl, phosphate, m. 189.2°.^^® 
P-Piperidinoethyl, m. 123.5"; phosphate, m. 206".^^® 
P-(2-Methylpiperidino)ethyl, m. 99.5"; phosphate, m. 197.8°.^^® 
P-Morpholinoethyl, m. 162"; phosphate, m. 208".^^® 
Y-Diethylaminopropyl, phosphate, m. 210.6".^^® 
Y-Piperidinopropyl, m. 61°; phosphate, m. 211.2°.^^® 

Y- (2-Methylpiperidino) propyl, phosphate, m. 224".*^® 
Y-Morpholinopropyl, phosphate, m. 135.6".^^® 
EtaNCHaCHaCHMe-, phosphate, m. 151 ".i^® 
S-Diethylaminobutyl, phosphate, m. 200.8°.^^® 

Of p-Butylaminothiolbenzoic Acid ‘^® 

P-Dimethylaminoethyl, 2 HCl, m. 161.5". 

P-Diethylaminoethyl, 2 HCl, m. 145.6°. 

P-Piperidinoethyl, m. 67"; 2 HCl, m. 203.4°. 

P-(2-Methylpiperidino)ethyl, sesquiphosphate, m. 112-24°. 
p-Morpholinoethyl, m. 68"; 2 HCl, m. 199.2". 
Y-Diethylaminopropyl, 2 HCl, m. 139.8". 

Y-Piperidinopropyl, 2 HCl, m. 188.4". 

Y- (2-Methylpiperidino)propyl, 2 HCl, m. 173.4". 
Y-Morpholinopropyl, m. 52"; 2 HCl, m. 197.2". 

Of Other p-N-alkylaminothiolbenzoates ^^® 

p-PrNHC 6 H 4 COSCH 2 CH 2 NEt 2 , 2 HCl, m. 153.5". 
p-AmNHC«H 4 COSCH 2 CH 2 NEt 2 , picrate, m. 121.2". 
p-HeptylNHC«H 4 COSCH 2 CH 2 NEt 2 , citrate, m. 124°. 
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p-HO(CH2)5NHC6H4COSCH2CH2NEt2, m. 73.6°. 

2,4-Dinitrothiolbenzoic esters have been noted in chapter 2, 
Volume I, under identification of mercaptans. 

Esters of Thioltoluic Acids 

Ethyl, 0, bi5 133°; d 25/4 1.048, p, bis 150°; d 25/4 1.0670.«“ 
p-Tolyl, p,m. 123.8°. 

Esters of Thiolnaphthoic Acids, CloH^COSR 

a-CioHrCOSPh, m. 121°.^»s 
a-CioHrCOSCioHT-a, m. 126.2°.®8‘‘'‘‘ 

P-CioHTCOSCeHii, m. 64°.«9«« 

P-C10H7COSC10H7-P, m. 167.5°.582a 

1,2,3,4-Tetrahydrothiolnaphthoates 

CioHnCOSEt, a, 67 152-3°; |3, be 158°. 
CioHnCOSCH 2 CH 2 NEt 4 , HCl a, m. 142-4°; p, m. 119-21°. 


Thiolphthalates 


C6H4(C0SR)2, Me., m. 124°;5^8 ph^ lOr.120 
C6H4(COSEt)COOEt, bio 
C6H4(COOEt)COSMe, bio 209°; d 1.1923.3^8 
C6H4(COOMe)COSEt, bio 209°; d 1.1906.3^8 



m. 


154 ° 695 


Thioimino Esters 

HC(:NH)SCH2Ph, HCl, m. 180°.824 
HC(:NPh)SEt, b. 230-40°. 

HC(:NC6H4Me-p)SEt, b. 252°.83a 

MeC(:NH)SCH2COOH, m. 99°; HCl, m. 112°; Et ester, HCl, 

102°.324 

MeC(:NH)SPh, HCl, m. 120°.2i 
MeC(:NH)SCH2Ph, HCl, m. 155°.824 
MeC(:NH)SAc, HCl.®®® 

MeC(:NMe)SMe, b748 1 32-3°; dso 0.9459; n 20/D 1.492; HI, m. 
1190399 

MeC(:NPh)SMe, b. 244.6°,^83d, roe 246°.83o 
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MeC(:NPh)SEt, b. 255-7\'’^ 

MeC(:NPh)SPr, b. 270-3°7o« 

MeC(:NPh)SCHMe 2 , b. 273“ 

MeC (:NPh) SCHjCHMea.’** 

MeC(:NPh)SC 3 H 5 , b. > 270“ with decomposition’®* 
MeC(:NCH 2 Ph)SMe, 115-^“; das 1.0575; n 23/D 1.5652; 
Mel, m. 120“.*9» 

MeC(:NC«H 4 Me)SEt, o, b. 261-2“; p, b. 271-3“.’’® 
PhC(:NH)SEt, HCl, m. 188“;«»'‘ HI, m. 142 
PhC(;NH)SPh, HCl, m. 178“.2’ 

PhC(:NH)SCH 2 Ph, HCl, m. 181“.““ 

PhC(:NMe)SMe, bs 106“,’* 118“; 3»» -‘8® HCl, m. 129“; ’« HI, 

m. 105“.®»» 

PhC(:NPh)SMe, m. 64“,“®®’®®® 66“.**® 

PhC(:NPh)SCH 2 Ph, m. 53“.®®®-®®^ 

[PhC(:NPh)SCH 2 -l 2 , m. 76“.®«® 

PhC(:NPh)SBz, m. 108“.’»® 

2.4- (HO)2C«H3C(:NH)SMe, m. 199“; HCl, m. 245“.®®’ 

2.4- (HO)2CeH3C(:NH)SEt, m. 199“; HCl, m. 231“.®®’ 

2.4- (HO)2C6H3C(:NH)SBu, m. 174“; HCl, m. 228“.®®’ 

2.4- (HO)2C6H3C(:NH)SPh, m. 158“; HCl, m. 222“.®®’ 

2,4,6-(HO) 3 C 6 H 2 C(:NH)SMe, m. 226“; HCl, m. 256“; H 2 O, m. 

7JO 364 

p-MeOCeH 4 C(:NMe)SMe, m. 60“; HI, m. 115“.’® 
p-MeOC 6 H 4 C(:NPh)SMe, m. 170“.®®’ 
o-AcNHC 6 H 4 C(:NH)SMe, m. 111“.®” 
p-AcNHC 6 H 4 C(:NH)SEt, m. 98“.®” 
p-(NH2S02)C6H4C(:NH)SCH2Ph, HCl, m. 193“.’”-®«® 
p-(NH2S02)C6H4C(:NPh)SCH2Ph, HCl, m. 105“.’”*«®® 
m-MeCeH 4 C[:NC(:NH)C 6 H 4 Me-m]SEt, m. 136“.®®®* 
p-MeC«H 4 C[:NC(:NH)C 6 H 4 Me-p]SEt, m. 154“.®®®* 
[•C(:NEt)SEt] 2 , b. 126-9“,’®®® 250“ with decomposition.’®® 
[•C(:NMe)SPr] 2 , b. 170-5“.’®®® 

[•CH 2 C(:NH)SPh] 2 , 2HCl, m. 145“;®’ 2HBr, m. 233“.®” 
C6H4[-C(:NH)SEt]2-l,3, 2 HCl, m. 190“.’®2-®” 

Oximinothioesters 

HC(:NOH)SEt, m. 111“.®®’ 

HC(:NOH)SBu, m. 91“.®®’ 

HC(:NOH)SCH 2 Ph, m. 117“.®®’ 
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Thionestebs, RCS'OR' 

Thionacetates 

Methyl, b. 86 - 9 °,”3b 85-90°,88°,”3‘>- 8 S- 91 °;«i 2 a a o/4 
1.0075, d 21/4 0.9842,”3b ^ 28/4 0.9002,«i2a n 23/D 1.46062.”3b 
Ethyl, b. 109-10°,”3b io5-10°,-‘^» 105 - 7 ° ;«i 2 a ^ o/4 0 . 9816 ,^^^b 
d 17/4 0 . 8980 ,«i 2 a d 19/4 0.9618; n 19/D 1.46389; magnetic 
susceptibility 0.6098.^^® 

Propyl, b. 125-30°; d 28/4 0 . 8952 .«i 2 a 

i-Propyl, b. 119-22°; d 22/4 0.8901; n 22/D 1 . 4501 .«i 2 a 

Butyl, b. 146-9°; d 29/4 0.8883; n 28/D 1.4196.®!** 

i-Butyl, b. 135-40°; d 26/ 4 0.8875; n 26/D 1 . 4316 .«i 2 a 

Amyl, bss 72-4°; d 23/4 0 . 8639 .«i 2 a 

Phenyl, hss 90-4°; d 20/4 0.9914.ei-'“ 

Benzyl, 627 115-20°; d 28/4 1.0296.«i-“ 

Thionpropionates 

Methyl, b. 110-5°.-‘^» 

Ethyl, b. 128-30°,“^® 125 - 9 °,«i 2 a i30-2°,i’3‘‘ 131°;!’®° d 0/4 
0.9639,”*“ d 19/4 0.9431,”*« d 20/4 0.8912;®”“ n 19/D 
1.46281.”*° 

Propyl, b. 139-44°; d 28/4 0.8835.®”“ 
i-Propyl, b. 137-40°; d 28/4 0.8714.®”“ 

Butyl, b. 164-7°; d 28/4 0.8618.®”“ 

{-Butyl, b. 153-7°; d 28/4 0.8678.®”“ 

Amyl, bso 84-6°; d 22/4 0.8595.®”“ 

Benzyl, bag 132-6°; d 28/4 1.0009.®”“ 

Miscellaneous Thionesters 

i-BuCSOMe, b. 145-8°; d 0/4 0.9577,”*“ d 12.5/4 0.9460; n 25/D 
1.46727.”*° 

i-BuCSOEt, b. 160-5°; d 0/4 0.9549,”*“ d 12.5/4 0.9436; n 
12.5/D 1.45569.”*° 

{-AmCSOMe, b. 160-70°.”*“ 

CeHiiCSOMe, bi 2 90-100°.”*“ 

OctCSOMe, bi 2 115-20°.”*“ 
p-CioHrCSOEt, bso 188-94°.®”“ 

Thionbenzoates, PhCSOR 

Methyl, bio 110-12°,”*° bu 144-4.5°,®®* bae 112-5°,®”“ b 32 o 
195-7°;”* d 28/4 1.0710; n 29/D 1.5606.®”“ 
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Ethyl, b3_5 124 - 7 “,181 “,'‘^8 b. 240“; d 20/4 1.0452.«i2. 
Propyl, b 2 » 127-32“; d 28/4 1.0133; n 28/D 1 . 5289 .«i 2 . 
i-Propyl, bar 117-22“; d 27/4 1.0060; n 28/D 1 . 5241 .« 2 « 
Butyl, baa 137-42“; d 28/4 0.9732; n 28/D 1 . 5293 .« 2 . 

1- Butyl, bar 133-7“; d28/4 0.9694; n 27/D 1 . 5049 .« 2 a 
y-Bromopropyl, bi 145-6“.®®® 

2- Thenyl, bas 155“.®"® 

Thionphenylacetates 8^®“ 

Methyl, baa 145-9“; d 28/4 1.0551; n 30/D 1.5612. 

Ethyl, b»» 170“; d 12/4 1.0142; n 25/D 1.9276. 

Propyl, baa 130-3“; d 27/4 1.0139; n 29/D 1.5104. 
i-Propyl, bso 140-5“; d 22/4 1.0078; n 25/D 1.5026. 

Butyl, bae 155-60“; d 25/4 0.9930; n 28/D 1.5138. 
i-Butyl, baa 138-43“; d 28/4 1.0010; n 28/D 1.5065. 
t-Amyl, bao 168-9“; d 23/4 0.9801; n 25/D 1.4902. 

Benzyl, bae 180-5“; d 26/4 1.0866. 

p-Thiontoluates, MeCgHfiSOR 8^®* 

Methyl, biao 170-3“; d 26/4 1.0478. 

Ethyl, bro 140-5“; d 20/4 0.9992. 

Propyl, baa 130-5“; d 26/4 0.9858; n 23/D 1.5289. 
f-Propyl, b 48 -ao 138-42“; d 22/4 0.9880. 

Butyl, baa 150-2“; d 22/4 0.9905; n 23/D 1.5315. 
i-Butyl, baa^o 144-8“; d 25/4 0.9757; n 23/D 1.5215. 
i-Amyl, baa 155-8“; d 22/4 0.9856; n 23/D 1.5252. 

Benzyl, bai 185-90“; d 22/4 1.0648. 

Dithionoxalates, ('CSOR)g^^'^* 

Methyl, bai 50-2“. 

Ethyl, baa 80-2“; d 21/4 1.0565. 
i-Propyl, b 4 a 91-3“. 

Dithioacids and Esters 
Dithioadds 

MeCSSH, baa 66“,®®®-® bia 37“; dao 1.24; ®2® K = 2.8 X 10"®; 2®® 
magnetic susceptibility 0 . 5904 .®^® 

EtCSSH, bi7 48“; da® 1.12.®®® 

PrCSSH, bia 59“; di» 1.08.®®® 
i-BuCSSH, baa 84“; dio 1.008.®®® 
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i-AmCSSH, bio 84°; dss 0.98.^22 
PhCSSH, oil.3«» 
p-MeC 6 H 4 CSSH, m. 27“ 

0 -HOC 6 H 4 CSSH, m. 48-50“ .3<>» 

2 . 4 - (HO) 2 CaH 3 CSSH, m. 131“«» 

2.3.4- (HO)aCoHaCSSH, m. 154“.‘‘48 
Dithioisonicotinic Acid, K salt, m. 270“.^®^ 

(MeCS) 2 S, m. 225“ J®**-” 

(PhCS) 2 S 2 , m. 92.5“ ®2oa 

Dithioesters 

(HCSSMe) 3 , m. 105.5“.«8* 

(HCSSEt) 3 , bu 115“, bi» 131-2“.323« 

(HCSSPr) 3 , m. 39“.«®'‘ 

(HCSSCH 2 Ph) 3 , m. 77“ and 154.5“.“®®“ 

MeCSSMe, bToo 142“,“7®‘»- ®23a. 323b 71 °^ gQ_lo . 323.. 323b 

d 21/4 1.096.173c, 323a. 323b 

MeCSSEt, bu 42-3“,®23'> b 2 a 61“,“” b. 128 - 32 “; 8 “ 2 c ^ 15/4 
1.036,®23‘> d 28/4 0.9807; n 28/D 1 . 5303 ,«“ 2 c „ 20/D 1.5700.“” 
MeCSSCH 2 CHMe 2 , b 23 86-87“; n 20/D 1.5440.“” 

EtCSSMe, bu 47“, b. 159-60“; d 21/4 1 . 047 .®®®“-®23b 
EtCSSEt, bio OO-r,®®®** b 2 o 70-2“,“” b. 150-5“; d 27/4 0.9711; 

n 27/D 1 . 5259 ,»“ 2 c n20/D 1.5542.“” 

EtCSSCMe 3 , bi 3 70“.“” 

CoHiiCSSMe, b 3 90“.®“ 

CoHiiCSSEt, b5 106“.®“ 

CoHuCSSPr, b 3 106“.®“ 

CeHiiCSSBu, bs 145“.®“ 

PhCSSMe, b. 275-80“, b 2 o 154-7“,®®» b 3 118“.®““ 

PhCSSEt, bi 3 158-62“, bi» 165-8“,®®» h,o 122-5“.®“®' 
PhCSSCH 2 CH 2 CH 2 Br, m. 112^“; bi 148-50“.®®® 

PhCSSCH2Ph, b3 179-80“.”® 

PhCSSCHgCOOH, m. 128“.®“®“ 

PhCHaCSSMe, bioo 208“; bi 2 149“,®®®“-®®®® bi 120“;®““ d 24/4 
1.1389.®®®“- ®®®® 

PhCHaCSSEt, 645 140-4“; d 20/4 1.0462.®“®' 
PhCHaCSSCHaCOOH, m. 79“.®»“ 
p-MeC 6 H 4 CSSMe, 63 130“.^® 

p-MeC 6 H 4 CSSEt, 63 132“,^® bgs 160-5“; d 17/4 1.0085,®“®' d 20/4 
1.1173.” 
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p-MeCeH4CSSBu, b„ 169°; d 20/4 1.0700.’*' 
p-MeC6H4CSSCH2C«H4N02-p, m. 70.5°.’*' 
a-CioHiCSSMe, m. 54°; b. 210°.»^3b 
a-CioH7CSSEt, m. 40°.»23b 
P-CioHiCSSEt, b45 200-5°.«2« 
o-HOC 6 H 4 CSSMe, m. 10-20°.3‘'*> 
p-H 0 C 6 H 4 CSSMe, m. 61°.3« 

p-H 0 C 6 H 4 CSSEt, m. 57°; Bz., ra. 80°; p-OgNBz., m. 119°.*^*' 
(•CSSMe) 2 , m. 100.9°; bo.i 210 °; d 20/4 1.619, isomer, m. 71.6°; 

d 20/4 1.658;^” trans., m. 101.5°; cis, m. 71.5°.®*'’ 

(•CSSEt) 2 , b42 90-3°.«2« 

P-Bbomophenacyl Esters ***“ 

R=CH2COC«H4Br-p 

MeCSSR, m. 97°. o-HOCeH 4 CSSR, m. 123°. 

P-H 2 NC«H 4 CSSR, m. 175°. 3 , 4 -MeO(HO)C«H 3 CSSR, m. 132°. 

Trithio-obthofobmic Esters, HC(SR )3 

Methyl, m. 16°; b» 96°,®®®® bi 2 103-4° ,2® b. 220°;®®®° n 15/D 
1.5696.2® 

Ethyl, bio 116°,®’"® bn 124-5°,®’"®-®®®° b^ 119°,®’"® 126.5-8°,®® 
bai 133°,®’"® i). 235° dec.;* 2 ®° d 20/4 1.053.®’"® 

Propyl, bo 151°,®’® bn 158-60°.®® 

Butyl, bi 2 188-90°.®® 
t-Butyl, m. 64.5°, 64 115-7°.®® 

Allyl, bio 120-2°.®®®° 

Dodecyl, m. 37°.®®* 

Phenyl, m. 40°,®’"® 39.5°,®"*“ 39°.®<'* 

Benzyl, m. 103°,®®- ®«» 102.5°,®®®° 98°.’” 
p-Tolyl, m. 111°,’® 109°.®"** 
a-Naphthyl, m. 134°.®®®° 

HC(SCH 2 C 02 H) 3 , m. 168-71°,®®"® 173°.®’"“ 

Ethylene, m. 105°.®®’ 

Other Trithio-ortho Esters 

MeC(SPh) 3 , m. 146°. 

MeC(SC«H 4 Me-m) 3 , m. 118° 

MeC(SC«H 4 Me-m) 2 SPh, m. 104°. 

MeC(SCH 2 Ph) 3 , m. 67°. 

PhC(SPh) 3 , m. 87°. 
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Triseleno-orthoformates 

HC(SeMe)3, bae 90°. 

HC(SeEt)3, bae 148-50°. 

HC(SePr)3, bae 180-2°. 


Perthioesters 

RCOSSR' 

MeCOSaMe, bia 55-6°; dao 1.1831; n 20/D 1.5353; MR 32.1.7<-5 
MeCOSaEt, bu 70-1° 

MeCOSaPh, bn 146-48°. 

MeCOSaCHaPh, m. 59°.^" » 

MeCOSaCioH7-p, m. 59 °. 

MeCOSaCHaCHaCl, bi* 118-20°.72 
PhCOSaPh, m. 53 °.^^ 

PhCOSaCioH7-p, m. 69 °. 

MeCOSaMe, bn 90-1°; dao 1.2868; n 20/D 1.5973; MR 40.8.^"« 
MeCOSaEt, bn 102 - 4 °.^^ 

MeCOSaPh, 

MeCOSaCHaPh, n 20/D 1.63667*-^ 

MeCOS3CioH7-P, m. 64 °.^^ 

PhCOS3CioH7-p, m. 54 °. 

MeCOS 4 Et, dao 1.3105; n 20/D 1.6229; MR 53.9.^^ “ 
PhCOS5C«H3(NOa)a-2,4, m. 114 °.^^ 

Thioamides 

Aliphatic Thioamides 

Thioformamides 


HCSNHa, m. ^^7 

HCSNHMe, b. 125°.^21 

HCSNHEt, bio 125°,««*-bi4 125°,“2. 721 14a-50°.5i2 

HCSNHCHaCHaCHMea, bs 140°,^2i 143-6°.«»2 

HCSNH(CHa)3CHMea, ba 125°.^2i 
HCSNHCHaCHaOH, bi.5 135°.’21 
HCSNHCHaCHaNMeaOH, m. 23S°P^^ 

HCSNHCeHn, m. 82°.« 

HCSNHPh, m. 138°,222'- "«■ ^20. 721 i37«,505b 137.5°,3iid. one 

134° 54c, 65c 



Thioacids 


81 


HCSNHCHaPh, m. 65“/2i 
HCSNHCHaCOPh, m. 108°.“6 

HCSNHCaH4Me, o, m. 101 ° 96 °;<m 2 173.5°«2 

HCSNHC«H3(CH3)2, m. 105°.2’2 
HCSNHC 6 H 40 Me-p, m. 128°.3i«« 

HCSNHC 6 H 4 NH 2 - 0 , m. 77°.3i0' 

2,3-Dimethyl-4(l-pyrazolinyl) thioformanilide, m. 175°.^^®' 
(HCSNHCH 2 ) 2 , m. 147° "O'*' 

(HCSNH)2CeH4, o, m. 77°;3i0‘ m, m. 147°72i 

HCSNMea, bi 2 97 ° 737 5 228°; d 0/4 1.047; Mel, m. 123°.^3^ 

HCSNEt 2 , bi4 117°,^®^ bis 112-3°.®®®' 

HCSNPh 2 , in. 109°.’®^ 

HCSN(CH 2 )s, bi 2 149°; Mel, m. 120 °.^®^ 

HCSN(CH2CH2)20, m. 68.5°.-‘«" 

2-Thioformaniido-4,5-dimethyl-N- (triacetyl-L-arabinosido) ani¬ 
line, m. 136°.®^® 

2-Thioformamido-4,5-dimethyl-N-(triacetylribo8ido) aniline, m. 

98.®i3 

N-4(2-Methyl-5-methylaniinopyridyl) thioformamide, m. 193°. 

332a, 333a, 333f 

N- 6 -Quinolylthioformamide, m. 238°.®®®'’ 

N-5- (2-Methyl-4,6-dihydroxypyriniidylniethyl) thioformamide, 
m. 200 °.®i® 

N-5- (2-Methyl-4-aminopyrimidylmethyl)thioformamide, m. 

190 °.® 12 , 721 


Thioacetamides 

MeCSNH 2 , m. 108.5°,®^’ 108°,i®®’ ®ii'- ®^® 115°,®^^* 

116°;®®® HgCl 2 , m, 183° with decomposition.®®*' 
MeCSNHMe, m. 58°.®®® 

MeCSNHBu, bs 131.5°,*®^ bi 113°; n 20/D 1.5392.«^ 
MeCSNHCaHu, m. 78°.«^» 

MeCSNHCsHs, bu 135-6°.*®® 

MeCSNHPh, m. 76°,®«®- ®^<’ ‘•®® 75°.®^®- ®®®®- ** 2 ®’ *®® 
MeCSNHCH 2 Ph, m. 73.2°,®® 71°,®®® 65.3°,*i® 63°;^^®‘ 62 158- 
62°.*!® 

MeCSNHCeH 4 Me, 0 , m. 68 °; ^®®*’ ^ 1 ® m, m. 64°,®i^ 43°; ’'‘®'‘ p, m. 

128°,®^ 132'/06d, 710 131» 342 

MeCSNHC«H 4 Et, 0 , m. 70°; p, m. 59°.“®®-® 

MeCSNHC 6 H 3 Me 2 , m. 80 °, 272 95 ° 342 
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MeCSNHCioHr-a, m. lir,3«‘> 96° " 

MeCSNHCioH7-P, m. 146°,3«‘> HgClz, m. 118°.»®«° 
MeCSNHCsHiCI, o, m. 63°;«»3.5 143°,««» 

MeCSNHC 6 H 4 Br, m, m. 76°; p, m. 153°7«‘ 
MeCSNHCeHJ-p, m. 149°7^»« 

MeCSNHC 6 H 40 Me, o, m. 53°; m, m. 114°J«» 
MeCSNHC6H40Et-p, m. 100°,114°J«“ 

MeCSNHCeH4N02, o, m. 109°; m, m. 98°; p, m. 175° 3” 
MeCSNHC6H4C02Me-o, m. 

MeCSNHC 6 H 4 C 02 Et-p, m. 98°.3i7 
MeCSNHC6H4N:NC6H5-p, m. 144 °. 3 ” 

MeCSNMea, b. 238°.i^®‘>- 
MeCSNEta, m. 8r;83 b 4-5 102-5° 

MeCSN(CH 2 CH 2 ) 20 , m. 88.9-90.3°,“3^* 80°;®« 624 125-32°; n 
25/D 1.4853.«® 

MeCSN(CH2)B, m. 6r,««2 ®.806 57°«7a, 530 48» 

MeCSNMePh, m. 59°; b. 290° with decomposition.^®®*^ 
MeCSNEtPh, m. 49°.®” 

MeCSNEtCH 2 Ph, bi .5 161-2°; d 19/4 1.068; n 19/D 1.6015. 
MeCSN(Ph)CH 2 Ph, m.83°.3” 

(MeCSNH) 2 CH 2 , m. 146°. 

(MeCSNHCH2-)2, m. 160°.‘‘«9 
(MeCSNHCH2CH2-)2, m. 119°.'‘89 
(MeCSNHCH2CH2CH2-)2, m. 99°.'‘«» 

Some Other Aliphatic Thioamides 

EtCSNH 2 , m. 43°,®2«3""‘-®« 42°; ba 97°.“"^ 
EtCSNHCH 2 CH;CH 2 , bi 2 136°.®®® 

EtCSNHCH 2 CHBrCH 2 Br, m. 179°.®®® 

EtCSNHPh, m. 67.5°.®®® 

EtCSNHCH 2 Ph, m. 45.5°; bao 213-5°.»® 

EtCSNHC 6 H 4 CH 3 -p, m. 53°.®i" 

(EtCSNHC6H4-)2, m. 229°.®®® 

EtCSNHCoHs(OH) 2 - 2 , 4 , m. 96°.®«i 
EtCSNHCoH 2 (OH) 3 - 2 , 4 , 6 , m. 152°.®®i 
EtCSNHC„H 40 Et-p, m. 75°.®®® 

EtCSNMe 2 , d 19/4 0.9969; n 19/D 1.55328.”®° 
CH 2 :CHCSNHC 6 H 2 ( 0 H) 3 - 2 , 3 , 4 , m. 206°.®®' 

MeCCl 2 CSNH 2 , m. 54°.®®" 

PrCSNHBu, be 142^°."®^® 
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PrCSNHPh, m. 

PrCSNHCHaPh, m. 44^ bu 199-200" 
i-PrCSNHCHaPh, m. 48.3"; bao 203-5".»* 

BuCSNHPh, m. 39".’<»' 

BuCSNHC«H 4 Me-p, m. 70".’«« 

BuCSNHC«H 40 Me-p, m. 63".’«' 

BuCSNHCeH 4 Cl-p, m. 102".’<*' 

BuCSNHC«H 4 Br-p, m. 112".’<»' 

BuCSNPha, m. 148". 

BuCSNHCioHt-P, m. 80".’""' 

P-BuCSNHC«H4NHCSBu, m. 199".^«' 

AmCSNHCHzPh, m. 43.5"; bn 204-5".«» 
i-AmCSNHPh, m. 63".«®» 

CaHnCSNHa, m. 97".3««- »«« 

CiiHaaCSNHa, m. 83".<«»- »•« 

C 13 H 27 CSNH 2 , m. 88 ".<«»- 
C 16 H 31 CSNH 2 , m. 94".*«3< 

C 16 H 33 CSNH 2 , m. 99".*«» 

CnHasCSNHz, m. 97",-‘«*- “«« 98".'^** 

Thiobenzamides 

PhCSNH 2 , m. 117.4" w*** 117",»<<^ 116"; * 8 ® HgCla, 

m. 197".88®' 

PhCSNHMe, m. 81.5"," 80",8"® 79".«®» 

PhCSNHEt, m. 29";8««> bg 177-8"." 

PhCSNHCnHas, m. 45 
PhCSNHCH 2 CH:CH 2 , bn 215".«®» 

PhCSNHCH 2 CHBrCH 2 Br. m. 209".«®® 

PhCSNHCeHu, m. 92",« «88 89.5".®“ 

PhCSNHPh, m. 104",8"'> 102",«»» 101.6",882»> 990 , 76 . tosc 98.5",«>» 

980 64c gyo 66c 95 50 65<l, 3»6, 396 9^0 606a 

PhCSN(Ph)Bz, m. 108".“®® 

PhCSNHC«H 4 Me, o, m. 86";®" p, m. 129.5",«8 129".»’*®®®* 
PhCSNHCeHsMea, m. 90 ". 

PHCSNHCioHt, a-m. 150 ",*®® 148.5",®"® 147.5"; p-m. 162 ";®®® 
HgCli, m. 187".88®o 

PhCSNHCH2Ph, m. 88.6",88 88",8"o 85".“®® 
PhCSNHCHaCOOH, m. 150"; Me ester, m. 74"; 8»i Et ester, 
m. 40"; "7 amide, 2 forms, m. 119" and 137".8*^ 
PhCSNHCHaCONHEt, m. 117".8»i 
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PhCSNHCHgCONHCHaPh, m. 124 ° 
PhCSNHCH2CON(CH2CH2)20, m. 

PhCSNHCHMeCOOH, Me ester, m. 101°; amide, m. 204.5° 
PhCSNHCH(CH 2 CH 2 SMe)COOEt, m. 83°.8»i 
PhCSNHCHPhCONH 2 , m. 161°.3»i 

PhCSNHCH(CH 2 Ph)COOH, Et ester, m. 76°; amide, m. 157°.3»^ 
PhCSNHCH(CH 2 C 6 H 40 H-p)C 0 NH 2 , m. 185°.8»i 
PhCSNHCH(CONH 2 )CH 2 CONH 2 , m. 175°.3w 
PhCSNHC«H 4 N 02 -m, m. 150°.6»^ 

PhCSNHC 6 H 4 NH 2 -p, m. 147°. 

PhCSNHC 6 H 3 (Me)NH 2 - 4 , 2 , m. 197°.®’ 

PhCSNHCeHa (OH) 2 - 2 , 4 , m. 176°.3« 

PhCSNHC 6 H 40 Me-p, m. 109°.®”o> 

PhCSNHC 6 H 40 Et-p, m. 127°.«»» 

PhCSNH(CioH60H-4)-a, m. 206°.®8’ 

PhCSNHCN, m. 82°.»’« 

PhCSNCONHPh, m. 145°.®’« 

PhCSNMe 2 , m. 70°,3«* 67°; bis 182°.®”* 

PhCSNEt 2 , m. 43.5°.®’®* 

PhCSNPha, m. 155°,»'>« 151°,®’* 149°.®®* 

PhCSN(CH 2 CH 2 Ph) 2 , m. 90°; Mel, m. 92°.’®® 

PhCSNMePh, m. 91°,’®® 101.5°.®” 

PhCSNEtPh, m. 98°.«®« 

PhCSNEtCH 2 Ph, 63.5 209-10°; d 19/4 1.108; n 19/4 1.6310.®® 
PhCSN(Ph)CH 2 Ph, m. 120°,®” 122°.®®® 

PhCSN(CH2)5, m. 66 °,«®» 65°.®’®® 

PhCSN(CH 2 CH 2 ) 20 , m. 137.5°,’®® 136°.’«’>®” 
PhCSN(a-CioH 7 )CPh:NCioH 7 -a, m. 157°.®»® 
PhCSN(p-CioH 7 )CPh:NCioH 7 -P, m. 117°.®®® 
PhCSN(CH 2 CH 2 ) 2 NCSPh, m. 266.5°.’®® 

Substituted Thiobenzamides 

CIC 6 H 4 CSNH 2 , o, m. 63°;®’® p, m. 124°.®”® 
o-ClC 6 H 4 CSNHCH 2 Ph, m. 67°.®® 

BrC 6 H 4 CSNH 2 , m, m. 120°; p, m. 141.5°.®”® 

P-IC 6 H 4 CSNH 2 , m. 153°.®”® 

m- 02 NCeH 4 CSNH 2 , m. 131°;®®«® HgCl 2 , m. 206° with decompo¬ 
sition.®®** 

P-O 2 NC 6 H 4 CSNH 2 , m. 157°;®®*® HgCb, m. 194°.®®** 
02 NCoH 4 CSNHPh, m, m. 134.5°;®®**-®®’ p, m. 155°.®®’ 



Thioacids 


85 


p-02NC6H4CSNHCH2Ph, m. 100.5° “ 

H 2 NCeH 4 CSNHPh, m, m. 131°; p, m. 155° 154°.5 m 

P-H2NC6H4CSN(CH2CH2)20, Ac., m. 211-5°.»« 
p-EtSCeH 4 CSNHPh, m. 141°.“ 
p-MeS02C«H4CSNH2, m. 218°.®^® 
p-EtS02C6H4CSN(CH2CH2)20, m. 186°.«« 

Other Aromatic Thioamides 

m-MeC6H4CSNH2, HgCl 2 , m. 
w-MeC 6 H 4 CSNHC 6 H 4 Me-m, m. 110°.336«> asee 
p-MeC 6 H 4 CSNH 2 , m. 168°,3”«> «« 155°HgCb, m. 

194* 336c 

p-MeC6H4CSNHMe, m. 55°.3”« 
p-MeC«H4CSNHC6H„, m. 105°.“^ 
p-MeC«H 4 CSNHPh, m. 141°.“^ 
p-MeC6H4CSNHCH2Ph, m. 88.5°.»3 
p-MeC6H4CSNHCoH4Me-p, m. 166°,170.5°.^» 
p-MeC6H4CSNHCOPh, m. 136°.’23‘> 
p-MeC6H4CSN(CH2CH2)20, m. 109°, Mel, m. 154.5°.i23 
a-CioH7CSNH2, HgCb, m. 
a-CioH7CSNHC«Hn, m. 98°. 

P-C10H7CSNH2, m. 151°; 377. HgCl2, m. 221°.33«« 
PhCH2CSNH2, m. 99°,” 98» 377.. 3»i 970.545. 336c Mel, m. 

130.5°; 3^“ HgCl 2 , m. 160°.33«c 
PhCH 2 CSNHMe, m. 63°.3”«>3^»' 

PhCH 2 CSNHC 6 Hn, m. 80°.38<‘> 

PhCHgCSNHPh, m. 87.5°,38<‘> 88°,”* 87°,8'>® 89°.3« 
PhCH 2 CSNHCH 2 Ph, m. 85.5°.38^‘> 

PhCH2CSNMe2, m. 81°;3”*>3^8* 184°.377a 

PhCH2CSNMePr, bi.5 155-8°; n 24.5/D 1.5876.7« 
PhCH2CSN(CH2)6, m. 78.5°,38<'> 80°.«38 
PhCH2CSN(CH2CH2)20, m. 80°,38<'>'3»7 78.5°.“’ 
PhCH2CSNHCH2C02H, m. 142°. 
PhCH2CSNHCH2CONHCH2Ph, m. 133°.3” 
PhCH2CSNHCH2CON(CH2)5, m. 120°.33’ 
PhCH2CSNHCHMeCOOH, Me ester, m. 73°; amide, m. 145°.337 
PhCH2CSNHCH2CH(OEt)2, bo.07 155-8°.»3 
P-CIC6H4CH2CSNH2, m. 129°.377c 
p-MeC«H4CH2CSNMe2, m. 72°.387 
p-EtC6H4CH2CSNMe2, b2o 225°.38i 



86 


Organic Chemistry of Bivalent Sulfur 


PhCHsCHgCSNHa, m. 87 ° 377« 

PhCHaCHjCSNMez, m. 56°.3”«. 377d 
p-FC6H4CH2CH2CSNMe2, m. 58°, bse 220° 
p-CICeH4CH2CH2CSNMe2, m. 64° 
p-BrC6H4CH2CH2CSNMe2, m. 72° 
p-IC6H4CH2CH2CSNMe2, m. 113° 
p-MeSC6H4CH2CH2CSNMe2, m. 67° 
p-MeC6H4CH2CH2CSNMe2, m. 49°; bw 225°.38i 
p-EtC6H4CH2CH2CSNMe2, m. 73°; bi 2 295-310°.38i 
PhCH 2 CH(Me)CSNH 2 , m. 62° 3”® 

PhCH 2 CH 2 CH 2 CSNH 2 , m. 62° 3”' 
PhCH2CH2CH2CSNMe2, b. 205° 
a-CioH7CH2CSN(CH2CH2)20, m. 109°.“^-«»« 
P-Ci«H 7CH2CSN(CH2)6, m. 87°.«3« 

P-[5,6,7,8-H4CioH7CH2CH2] CSN(CH 2 CH 2 ) 20 , m. 109°4^ 

Thiofuramides 

C 4 H 30 *CSNH 2 , m. 127°.«i 
C 4 H 30 -CSNHC 6 Hu, m. 80°. 

C 4 H 30 -CSN(CH 2 ) 4 , m. 68°.5ii 
C 4 H 30 *CSN(CH 2 CH 2 ) 20 , m. 65°.5ii 

Pyridine Derivatives 

Tkionicotinanddes 
C 5 H 4 NCSNH 2 , m. 181°.3«» 

Thioisonicotinamides 

C 5 H 4 NCSNH 2 , m. 210 °.'*®^ 

C 6 H 4 NCSNHBU, m. 80°.‘‘«< 

C 5 H 4 NCSNHC 6 Hii, m. 174°.'‘»^ 

C 6 H 4 NCSNHCH 2 Ph, m. 134°.‘«>< 

C 6 H 4 NCSNHPh, m. 179°,“®^ 182 °.i ®8 
C6H4NCSN(CH2)5, m. 117°.“®^ 

Thiopicolinamides 

C 5 H 4 CSNH 2 , m. 137°.3«o 
C 6 H 4 NCSNHPh, m. 52°}^^ 

C 5 H 4 NCSNHC«H 4 Me, 0 , m. 68°; p, m. lOr.i®^ 
C 6 H 4 NCSNHCioH 7 -a, m. 132°.i®^ 
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C 5 H 4 NCSNHC 6 H 4 N(Me) 2 -p, m. 125° 

C 6 H 4 NCSNHC 6 H 4 OH-P, m. 145°.i»’ 
p-C 5 H 4 NCSNHCeH 4 NHCSC 5 H 4 N, m. 215°.i»’ 
C8H4NCSNMePh, m. 

Hydroxythioamides 

HOCH 2 CSNH 2 , Bz., m. 103° “7 
HOCHMeCSNHz, Bz., m. 104°.62^ 

HOCMeaCSNHa, Ac., m. 123°.3 
HOCHEtCSNHa, Bz., m. 106°.627 

PhCH(OH)CSNH 2 , Ac., m. 105°,*-104°; Bz., m. 139°.8 
o-02NC6H4CH(OH)CSNH2, Ac., m. 145°; Bz., m. 173°.» 
AcOCH2-(CHOAc) 4-CSNH2, m. 154°; [a] 20/D 63°.'^® 
o-HOCeH4CSN(CH2CH2)20, m. 100°; Mel, m. 189°, EtI, m. 

182°.i23 

p-HOC 6 H 4 CSNHPh, m. 165°,164°.«»i 

2.4- (HO)2CeH3CSNHEt, m. 96°.»«i 

2.4- (HO)2C6H3CSNHPh, m. 182°,«» 176°.*« 

2.4- (HO)2C6H3CSNHCioH 7-P, m. 179°.®«i 

2.4- (HO)2C6H3CSNH(CioHeOH-a)-p, m. 179°.®«i 

2.3.4- (HO) 3 C 6 H 2 CSNHEt, m. 206° with decomposition.®®^ 

2.4.6- (HO) 3 C 6 H 2 CSNHEt, m. 152°.®«i 

2.4.6- (HO) 3 C 6 H 2 CSNHPh, m. 161°.®®® 

2.4- Me(HO)C3H3CSNHPh, m. 176°.®»i 

3.4- Me(HO)C6H3CSNHPh, m. 165°.®»i 
5,2-Me(HO)C6H3CSNHPh, m. 139°. 

H0C6H4CH2CSN(CH2CH2)20, o, m. 161°;®*® m, m. 84°.«®« 

1- (HO)-p-CioH6CSNHPh, m. 184°,<«i 183°.®»i 
4-(HO)-a-CioH6CSNHPh, m. 208°,206°,®«i 205°.®®i 

2- (HO)-a-CioHeCSNHPh, m. 100°.®»i 

Alkoxythioamides 

MeOCH 2 CSNH 2 , m. 64°.®"^ 

EtOCH 2 CSNH 2 , m. 81°.«®® 

PrOCHiCSNHa, m. 63°.«®» 
t-BuOCHaCSNHa, m. 61°.«®» 
p-MeOC«H 4 CSNH 2 , m. 149°.®”®> ®’< 
p-MeOC 6 H 4 CSNHMe, m. 112°," 109°.®"" ®"' 
p-MeOC 6 H 4 CSNMe 2 , m. 68.5°.®"" 
p-MeOC 6 H 4 CSNHPh, m. 154°.»»« 
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?>-MeOC 6 H 4 CSNHCH 2 Ph, m. 39". 
p-MeOC 6 H 4 CSNHC 6 H 4 Me, o, m. 95"; p, m. 157".«»« 
p-EtOC6H4CSNH2, m. 161.5".235 I58".’23b 
p-EtOC6H4CSNHPh, m. 143".«»« 
p-EtOCeH 4 CSNHC 6 H 4 Me, o, m. 106"; p, m. 151".«»« 
p-EtOC6H4CSNHCeH3Me2-2,4, m. 140".«»« 
p-EtOC 6 H 4 CSNHCioH 7 -a, m. 2(X)".«»« 
P-0[C6H4CSN(CH2CH2)20]2, m. 
p-MeOC 6 H 4 CH 2 CSNMe 2 , m. 76".3”*> 378c 
p-MeOCeH4CH2CSNEt2, bi2 220".3”* 
m-MeOC6H4CH2CSN(CH2)B, m. 84".«3« 

2.4- (MeO)2CeH3CH2CSNHMe, m. 88"."3-«33 

3.4- (MeO)2C6H3CH2CSNHMe, m. 130".382 

3.4- (MeO)2C6H3CH2CSNMe2, m. 121 ".377a. 382 
p-PhOC«H4CH2CSN(CH2CH2)20, m. 87".‘‘^3 
o-PhCH20C6H4CH2CSN(CH2)5, m. 87".«3« 
o-PhCH20CeH4CH2CSN(CH2CH2)20, m. 119".«3« 

3.4- (-CH20)2C6H3CH2CSNHMe, m. 136".3”a 
p-MeOCeH 4 CH 2 CH 2 CSNMe 2 , m. 70 ".381.382 

3.4- Me(MeO)C6H3CH2CH2CSNMe2, m. 83".38i 

3.4- (MeO)2C«H3CH2CH2CSNMe2, m. 94".38i 
P-(a-EtOCioH«)CSNHPh, m. 200".«»« 
a-(4-MeOCioH6)CH2CH2CSNMe2, bjs 245".38i 

3.4- CH2(02)CeH3CH(0H)CSNH2, Ac., m. 145".3 
MeCOCH2CSNHC6H4Me, o, m. 75"; m, m. 84".^^8« 

Miscellaneous Thioamides 

PhCH:CHSNH2, m. 143.5",112".«8 
PhCBr:CBrCSNHCeH4Cl-p, m. 230" .’s® 

PhCiCCSNHMe, m. 80".^^®'* 

PhC:CCSNHCH2CH:CH2, m. 61".^^8*> 

PhC:CCSNHC6H4Me-p, m. 113".’4»‘> 

PhCiCCSNHCeH4Ph-p, m. 129". 

PhC; CCSNHC6H4Cl-m, m. 116"; dimer, m. 228" with decomposi- 
tion.'^38 

PhC:CCSNHC6H4Cl-p, m. 139"; dimer, m. 246" with decomposi- 
tion.'^38 

PhCiCCSNHC6H4Br-m, m. 121 ".’^i 
PhC:CCSNHC6H4l-p, m. 141 ".’“i 
PhCiCCSNHC6H40Et-p, m. 112".’5i 
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PhC;CCSNHCioH7-a, m. 185°J5i 
p-IC«H 4 CiCCSNHPh, m. 141°"! 
p-PhC 6 H 4 C:CCSNHPh, m. 
py(ClC6H4C:CCSNHC6H4*)2, m. 240^’'«> 
p,p'(IC6H4CiCCSNHC6H4-)2, m. 173°.’" 
py(EtOC6H4CiCCSNHCeH4-)2, m. 200°7»i 
N-Phenyl-4(a-Naphthylphenyl)propiolamide, m. 185‘’J®^ 
2-Benzothiazolylethylthioanilide, m. 127°.®^® 

NC-CSNHa, m. 90°. 

NC-CSNHPh, m. 82° 

NC-CHsCSNHz, m. 123°.»25 
HaNCHPhCSNHAc, m. 140° 

BzNHCHPhCSNHa, m. 192°4« 

PhCH(NHCHO)CSNH2, m. 181°.^'* 
NCCHPhNH(CH2)4NHCHPhCSNH2, m. 128° 
p-MeOC 6 H 4 CH(NHCHO)CSNH 2 , m. 184°.i'* 

4.3- HO(MeO)C9H3CH(NH2) CSNHAc, m. 181° with decomposi¬ 
tion.^** 

4.3- HO(MeO)C6H3CH(NHBz)CSNHBz, m. 219°.*« 
MeC(Ph)(NH 2 )CSNHAc, m. 148°.*** 
Me 2 NCH 2 CH 2 CHPhCSNH 2 , m. 145°.®" 
Et 2 NCH 2 CH 2 CHPhCSNH 2 , HCl, m. 187°.” 
Me 2 NCH 2 CH 2 CH(C«H 4 Cl)CSNH 2 , o, m. 136°; p, m. 144°.®" 


Thioamides op Polybasic Acids 
Oxalic 

HOOC-CSNHPh, m. 102°.®^® 

EtOOC-CSNH 2 , m. 64°.’*® 

BuOOC-CSNHa, m. 58°.’" 

PhNHCO-CSNH 2 , m. 176°.®’® 

Me 2 NCO-CSNH 2 , m. 121°." 

Et2NC0*CSNH2, m. 127°.*’ 

Pr 2 NCO*CSNH 2 , m. 130°.*’ 

(CH2)8NC0-CSNH2, m. 67°.*’ 

PhaNCO-CSNHa, m. 220°."* 

HaNCO-CSNHPh, m. 170°.®’® 

CHjCHafcHNHCO-CSNHPh, m. 110°."» 
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PhNHCO-CSNHPh, m. 145°."« 

EtOOC-CSNHC 6 H 4 Cl-o, m. 40°; bs 145-55 
MeNHCS-CSNHMe, m. 140°J«3b 
EtNHCS-CSNHEt, m. 58°/®«‘' 54°J®» 
MeaCHNHCS-CSNHCHMez, m. 101°.®“ 
MeaCHCHgCHzNHCS-CSNHCHaCHaCHMea, m. 60° 7®®® 
CiaHasNHCS-CSNHCiaHas, m. 53 °.« 7 « 
CeHuNHCS-CSNHCeHii, m. 158°,‘‘”« 147°.®“ 
PhNHCS-CSNHz, m. 98°.®"®- ®“ 

PhNHCS-CSNHPh, m. 134°"® 1330312 . 705 ^ 
MeC 6 H 4 NHCS-CSNHC 6 H 4 Me, o,o'-m. 123°; p,p'-m. 250°.®"® 
C 1 C«H 4 NHCS-CSNHC 6 H 4 C 1 , 0 , 0 ', m. 175°.“®® ® 
0 (CH 2 CH 2 )NCS-CSN(CH 2 CH 2 ) 20 , m. 265°,“®"* 254°.“®" 

Malonic 

HOOCCH2CSNHC3H5, m. 121°."“®* 
HOOCCH2CSNHC6H4Me-p, m. 97°."“®* 

HOOCCH 2 CSNHC 10 H 7 , a-m. 57°; p-m. 69°."“®* 
HOOCCH 2 CSNHCH 2 Ph, m. 96°."“®* 
HOOCCH 2 CSNHC 6 H 4 CI-P, m. 114°."“®* 

HOOCCH 2 CSNHC 6 H 4 Br, m, m. 101° with decomposition; p, m. 
131°."“®* 

HOOCCH 2 CSNHC 0 H 4 I-P, m. 133°."“®* 

H 00 CCH 2 CSNHC 6 H 40 Me-p, m. 91° with decomposition."“®* 
HOOCCH 2 CSNHC 6 H 40 Et-p, m. 105° with decomposition."“®* 
CH 2 (CSNH 2 ) 2 » ni. 212° with decomposition,“^® 167°."®® 
CH 2 (CSNHPh) 2 , m. 149°.®"® 

CH 2 (CSNHC 6 H 4 Me) 2 , o, m. 123° ;p, m. 145°.®"® 
BuCH(CSNHPh) 2 , m. 68 °.®®" 

PhCH(C 02 Et)CSNH 2 , m. 121 °.®" 

PhCH(CSNHPh) 2 , m. 67°.®®" 

AmCONHCH(C 02 H)CSNH 2 , m. 83°."“" 
PhCH 2 CONHCH(C 02 H)CSNH 2 , m. 115°."“" 

a,( 0 -Dibasic 

HOOCCH 2 CH 2 CSNHPh, m. 107°.®"® 

CH2CO. 

1 NPh, m. 117°.®"® 

CHaCS^ 

(•CH 2 CSNH 2 ) 2 , m. 189°."2® 
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(•CH2CSNHCHMe2)2, m. 128“ 

(•CH 2 CH 2 CSNH 2 ) 2 , m. 180“ 203 172“ with decomposition 
(•CH 2 CH 2 CSNHOct) 2 , m. 114“.28* 
(♦CH 2 CH 2 CSNHCeHn) 2 , m. about 168“ 
[•CH2CH2CSN(CH2)6]2, m. 150“.284 

CH2(CH2CH2CH2CSNH2)2, m. 142“ 

(•CH2CH2CH2CH2CSNH2)2, m. 153“ 

C«H4(CSNH2)2, m, m. 200 “ p, m. 263 “ 
p-H2NCSCeH4C«H4CSNH2-p, m. 250“ 

Tricarboxylic 

(MeOOC) 2 CHCSNHC 3 H 5 , m. 43“. 
(MeOOC) 2 CHCSNHBu, m. 63“. 

(MeOOC) 2 CHCSNHAm, m. 53“. 

(EtOOC) 2 CHCSNHMe, m. 50“. 

(Et(X)C) 2 CHCSNHEt, m. 52“. 

(EtOOC) 2 CHCSNHPr, m. 11“. 

Acetyl Malonic 

MeCOCH(COOEt)CSNHPh, m. 83“. 
MeCOCH(COOEt)CSNHCoH 4 Me, m, m. 80“; p, m. 81“. 
MeCOCH(COOEt)CSNHC,oH 7 -a, m. 84“. 
MeC 0 CH(C 00 Et)CSNHC 6 H 40 Me-p, m. 98“. 
MeCOCH(COOEt)CSNHC 6 H 40 Et-p, m. 88“. 
MeCOCH(COOEt)CSNHC 6 H 4 Cl-p, m. 79“. 
MeCOCH(COOEt)CSNHCeH 4 Br, m, m. 82“; p, m. 63“. 
MeCOCH(COOEt)CSNHC 6 H 4 l-p, m. 65“. 

Selbnamides 


MeCSeNH 2 , m. 126.5“. 

PhCH 2 CSeNH 2 , m. 92.5“. 

Thiohydrazides 

BuCSNH-NMePh, m. 123“.^o« 
c-HexCSNH-NMePh, m. 107“. 
PhCSNH*NHCOpyridyl-3-, m. 142“.8^- 
PhCSNH*NHCOpyridyl-4, m. 130“. 
o-MeC«H 4 CSNH-NHPh, m. 118“.”^* 
a-CioH 7 CSNH-NHPh, m. 
PhCH 2 CSNH-NH 2 , m. 71 
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PhCHaCSNH-NMePh, m. 81° 

PhCH2CSNH-N:CHC«H3Cl2-2,4, m. 152° 
PhCH2CSNH*N:CHC6H4N02-p, m. 171°.»« 
PhCH2CSNH-N:CHC6H4NHC0Me, m. 193°.*« 
PhCH2CSNH-N:CHC6H4C02H-o, m. 167°.3« 
PhCH2CSNH-N:CHCioH7-a, m. 160° 

PhCHaCSNH-N: fury 1-2, m. 98° 

HOC6H4CSNH-NH2, o, m. 102°; p, m. 208° 
p-MeOCeH4CSNH-NH2, m. 126°.3<5 
p-MeOC«H 4 CSNH-N;CHC 6 H 4 NHAc, m. 172°.»« 
3,4-MeO(HO)CeH4CSNH-NH2, m. 148°.3« 

2-FurylCSNH-NH2, m. 135°.3« 

2-FurylCSNH-N:CHfuryl-2, m. 138°.^*^ 
2-FurylCSNH-N:CHC6H4NHAc-p, m. 197 ° 
2-ThienylCSNH-NH2, m. 156°.3<» 

2-PyrrylCSNH-NH2, m. 122°.3"5 
2-IndolylCSNH-NH2, m. 173°.»"5 
P-AcNHC 6H4CSNH-NH2, m. 234° 
p-Me2NC6H4CSNH*NH2, m. 170° 

Thioisonicotinic acid hydrazide, m. 134°.^®^ 

Thiogalactonic acid phenylhydrazide, m. 175°; [a] 20/D 31.5°.'®'* 
D-Thiogluconic acid phenyl hydrazide, m. 179°; [a] 20/D 

59_4°^768 
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Thiocarbonic Adds 
and Derivatives 

Introduction 

By substituting one or more sulfur atoms for the oxygens of 
carbonic acid, five thio-acids are possible: 

HO‘CO*OH H0<0*SH HO*CS*OH HO*CS*SH HS*CO*SH HS*CS*SH 

T/lfo/- T/iion- Thiol^fhion Dithiot^ Trithio* 

As in the thio-acetic acids, the prefix thiol-, is used for those in 
which the hydroxyl oxygen is replaced by sulfur and thion- for 
those in which sulfur is substituted for the carbonyl oxygen. 
Somewhat different names have been suggested.***"*’ The term 
carbothionolic for the -CSSH group has been advocated.*®^’ 

The free acids are unstable, though the trithio-carbonic can be 
isolated. The monothioacids and their salts are equilibrium mix¬ 
tures and so are the alkoxy-esters and their salts: 

HO'CO'SH ?± HO*CS*3H 

KO*CO*SK ?± KO’CSOK 

rO'CO'SH ?± RO<S«OH 

RO*CO*SK RO<S*OK 

Ultra-violet absorption indicates that the ester-salt, EtO*CO*SK 
is in equilibrium with the EtO’CS'OK.’***’ The same must be 
true of the dithioacids and of their salts: 
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HO‘CS*SH 

KO*CS‘SK 
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HS*CO*SH 

KS*CO*SK 


It is quite different when the hydrogens are replaced by alkyls. 
Well characterized esters of all six of the above acids, from car¬ 
bonic to trithiocarbonic, are known. The esters, EtO*CO*SEt and 
EtO'CS’OEt, can be made by methods which should give these 
structures and the esters so obtained differ from each other in 
physical properties and in reactions. The reactions of each corre¬ 
spond to the formula assigned. The same can be said of the 
isomeric esters: EtO‘CS*SEt and EtS*CO*SEt. The formulas for 
all of the thio-carbonic acids and for their ethyl esters were 
written out by Carius^®® in 1859 and names were proposed for 
them by Bernthsen in 1882. 

The absorption spectra of the vapors of dithio- and trithio¬ 
carbonic esters have been considered as suggesting cyclic struc¬ 
tures with double bonds between the two thiol sulfur atoms.^®^’ 
The absorption spectra of free trithio-carbonic acid and its ethyl 
ester in various organic solvents have been compared with that 
of its barium salt in water. The ester and acid have similar 
spectra.^®® The long wave-length spectra of ethyl di- and trithio- 
carbonates have been compared with other compounds contain¬ 
ing :C:0 and 

From absorption spectra studies, resonance structures a, b, and 
c, have been proposed for thiocarbamates and xanthates. Struc¬ 
ture a, is of considerably smaller importance than b or c in 
xanthates, whereas in thiocarbamates all three resonance struc¬ 
tures are important. 


(+> 


s<-> 

/ \ 

aC c=nr2 
'' / 

'S‘-> 




.C—NRo 
b 


M .C-NRa 
c 


refers to some metallic ion.^^®*- 

The mono-amides corresponding to these acids have not been 
isolated but it is useful to write them down since the amide- 
esters derived from them are important. They are: 


1. HgN'CO'OH 2. HgN'CO'SH 3. HgN'CS'OH 4. HgN'CS'SH 

The mono- and di-alkyl derivatives can be put with these: 
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RHN*CO*OH RHNCO'SH RHN'CS'OH RHN<S*SH 

R2N*C0*0H RgN^CO'SH RsN’CS^OH RgN'CS'SH 

For the mono-alkyl we can write the tautomeric forms: 

RN:C(OH)OH RN;C(OH)SH RN;C(SH)OH RN:C(SH)2 

The diamides are the well known urea and thiourea: 

HjN'CO'NHj HgN'CS'NHg 

Both of these have tautomeric forms of which alkyl derivatives 
are known: 


H2N*C(0H)!NH H2N*C(SH):NH 

H2N<:(or):Nh H2N*c(sr):Nh 

It is not necessary to write out the well known N-alkyl deriva¬ 
tives of these. The acid chlorides, which are useful in preparing 
many of the esters and amides, are phosgene and thiophosgene: 

0 CCI 2 SCCI 2 

Half esters corresponding to these are: 

RO'COCI RO'CSCI 

RS'COCI RS'CSCI 

Names for these were included in those proposed by Bemthsen. 
The reactions of the thiocarbonic acids and their derivatives have 
been reviewed by Tarbel and Hamish.*®*^ 

Esters of Thiolcarbonic Acid, HO*CO*SH 

1 . ROCO'SH 2. RS*CO*OH 

Bender’s Salts, R0‘C0*SM 

Esters of the first type are the most important. They are known 
only as their salts RO*CO’SK. 

When carbon oxysulfide is passed into alcoholic potash an 
ester-salt is formed: 

cos -\- ElOK ^ EtO*CO*SK 

This reaction was used to prove the identity of carbon oxysulfide 
from one source with that from another.^^^^* Sodium cellulose 
reacts about two hundred times as rapidly with carbon oxysulfide 
as with carbon disulfide.’®® At first sight it seems curious that in 
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alcohol the same product is obtained when potassium hydrosulfide 
or mercaptide is substituted for the hydroxide: 

EtOH + cos + KSH EtO'CO’SK + HgS 

EtOH + COS + KSEt -*■ EtO‘CO*SK + EtSH 

It can be assumed that the first reaction is between the carbon 
oxysulfide and the alcohol: 

EtOH + cos EtOKTOSH 

This is a strong acid that would displace hydrogen sulfide or 
mercaptan.’®*** An alternate explanation of the formation of 
Bender’s salt from a mercaptan is as follows: 

EtSK + cos EtS*CO*SK 

bas« 

EtS*CO*SK + EtOH -► EtO‘CO*SK + EtSH 

This is by analogy with CS 2 which reacts as follows: 

EtOH -|- €$2 no reaction (as contrasted to Holmberg's reaction 

with COS). 

EtOK + CS 2 EtO*CS*SK 

In the presence of the base RO- readily replaces RS- in many 
similar derivatives. Thus the true mechanism may be formation 
of a dithiolcarbonate followed by alcoholysis of the thio-ester 
linkage. AVith KSH and alcohol, the following equilibrium is 
probably involved: 

(1) EtOH + KSH ?± EtOK + HgS 

(2) EtOK + cos EtOC-SK [very rapid, tendency to keep 

the equilibrium of (1) going to the right]. 

This EtO*CO*SK is the original Bender’s salt; the name has 
been extended to other esters, RO*CO*SK. There is, of course, 
tautomerism: 

RO'CO'SK RO*CS*OK 

A Bender’s salt may be obtained from thiophosgene and sodium 
ethylate: 

SCCI 2 + 3 NaOEt -> EtO*CS*ONa + 2 NaCI + EtgO 

A Bender’s salt can be prepared by partial saponification of the 
dithio- and trithio-esters, RO*CS*SR and RS*CS*SR, by alcoholic 
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potash.'*®*®’ *'*®® The alkyl in the salt so obtained is derived 

from the alcohol which serves as solvent. This shows that alco¬ 
holysis precedes the saponification: ***2**’ **** 

MeOCS'SEt -H 2 EtOH EtO*CS«OEt + MeOH + EtSH 

EK>*CS*SM« + 2 MeOH AtoO*CS*OMe + EtOH + MeSH 

E»S*CS*SEt -f 2 EtOH -> EtO*CS*OEt -|- 2 EtSH 

EtO*CS‘OEt -I- KOH EtO*CO*SK -|- EtOH 

It has been supposed that the alcoholate is added and that this 
complex is hydrolyzed.*®^® This is involved in the alcoholysis. 
A mercury salt results when ethyl formate, carbon disulfide, and 
mercuric oxide are heated in an atmosphere of nitrogen: 

2HC02Et + 2CS2 + 3 HgO Hg(S*CO*OEt)2 + 2 CO + 2 HgS + HgO 

Ammonia causes ammonolysis, precipitating mercuric sulfide 
quantitatively: ®®® 

Hg(SC02Et)2 + 6NH3 2 EtOH + (NH4)2S + HgS + 2 OC(NH2)2 

A Bender’s salt can be estimated by titration with iodine: **** 

2 EtO*CO*SK + «2 EtO'CO'S’S'COOEt + 2 Kl 

The product with a sulfur chloride is a polysulfide: **®® 

2 EtO*CO*SK + CI2S (EtO*CO)2S3 + 2 KCt 

2 EtO*CO*SK -I- CI2S2 (EtO*CO)2S4 + 2 KCI 

The thioanhydride results from the action of ethyl chloroformate 
on sodium sulfide ***® or HSMgBr: 

2 EtOCOCi + Na2S (EtO‘CO)2S + 2 NaCi 

2 EtO*COCI + HSMgBr (EKXO)2S + HCI + MgBrCI 

The end product is the same with the trithiocarbonate: 

2 EtO’COCI -I- K2CS3 -»• (EtO*CO)2S -I- CS2 + 2 KCI 

A Bender’s salt may be hydrolyzed: 

2 EtO‘CO*SK -I- 2 H2O -»• H2S + cos + 2 EtOH + K2CO3 

Pyrolysis takes place at 170": 

2 EtO*CO*SK cos -I- EtgS -|- K2CO3 

Alkylation is readily effected: ***^*’ 

EtO*CO*SK -I- EtBr EtO‘CO*SEt -|- KBr 

2 EtO*CO*SK + BrCH2CH2Br -»• EtO*CO*SCH2CH2S*CO*OEt + 2 KBr !««»»> 
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The fact that the alkyl in this ester is joined to sulfur does not 
prove that all of the ester-salt is in the form of EtO*CO*SK. 
Attention has been called several times to the rapidity of the 
reaction of an alkyl halide with a metal joined to sulfur as con¬ 
trasted with the corresponding oxygen compound. We can write 
the two reactions: 

1 . EfO*CS*OK -I- EtBr -*■ EtO*CS*OEt -|- KBr 

2 . EK)*CO*SK -I- EtBr -*■ EtO'CO'SEt -|- KBr 

Since the second reaction is the fast one and since the equilibrium 
is quickly reestablished, the ester EtO*CO*SEt will be the chief 
product. 

The potassium salt reacts with ethyl chloroformate to give 
carbon oxysulfide, carbon dioxide, ethyl carbonate, and ethyl 
thiolcarbonate.^^^® It is easy to account for the ethyl carbonate 
but not for the thiol- unless it is produced by alkylation of the 
original salt: 

EtO*CO*SK -I- CICO‘OEt EtO*CO*S*CO*OEt -|- KCI 

EfO*CO*S*CO*OEt -*■ EtO*CO*OEt -|- COS 
EtO‘CO*SK -I- EfO*CO*OEt Et 0 < 0 *SEt -|- KO*CO*OEt 

Bender’s salt can replace ammonium thiocarbamate, H 2 S or 
even (NH 4 ) 2 S in analysis.®^® Compounds, said to be useful in 
flotation, are obtained by reacting an acid chloride such as ben¬ 
zoyl chloride with a salt of a monothioacid such as potassium 
ethyl monothio-carbonate.*®^®’ ^^®®® The disulfide, (EtO*CO‘S*) 2 , 
is said to be useful in vulcanization.®® 

Ester-Salts, RS’CO'OK 

Little is known of these which are isomeric with Bender’s salts. 
Carbon dioxide reacts with potassium mercaptide: 

EtSK -I- CO2 EtS*CO‘OK 

The product was supposed to be identical with Bender’s salt but 
this does not seem likely. 2 ^^® This reaction should be investigated. 
An ester-salt of this type will probably have little stability. As 
the metal is not in combination with sulfur it will not be very 
reactive. 

The neutral esters, RO'CO'SR', can be obtained by alkylating 
Bender’s salts as indicated above. They can also be made either 
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from chloroformic esters and mercaptides or from chloro- 
thioformic esters and alcoholates: 

i-BuO<OCI + EtSNa -> i-BuO< 0 *SEt + NaCI 
i-BuSNa + Et 0 < 0 *CI i-BuS*CO«OEt + NaCi 

A Grignard reagent reacts with a chloroformic ester to form a 
thiolcarbonate: 

RSMgl + CICO*OEt ^ RS*CO*OEt 

Analogous reactions have been carried out with i-amyl com¬ 
pounds in place of i-butyl.^^®^“> Sodium is added to a solu¬ 
tion of the mercaptan in dry ether and then the chloroformate is 
put in. Phosgene reacts slowly with a mercaptan: i462a. 

1462b 

OCCI2 + HSR -» RS*COCI + HCI 

The second chlorine is brought into reaction by alkali: 

RS'CCXI + NoOR' -» RS*CO*OR' + NaCI 

RS'COCI + NaSR' ^ RS*CO*SR' + NaCI 

With thioglycolic acid phosgene forms the cyclic thiolcarbonate 
l,3-oxathiolan-2,5-dione.^®®’ Thiophenol reacts with phosgene in 
toluene solution: 

OCCI2 -I- PhSH ^ PhS<OCI + HCI 

From this chloride the ethyl ester, PhS*CO*OEt, and the phenyl 
ester, PhS*CO*OPh, have been prepared.^®®®** These esters can be 
made by the hydrolysis of the imido-esters which result from the 
action of sodium alcoholate and an alkyl iodide on a mustard 

qJJ. 410b, 622 

RNCS -t- RONa + Rl ^ RO<(:NR)>SR + Nal 
RO*C(:NR)*SR + H2O ^ RO«CO*SR + H2NR 

The cyclic resorcin aminothiocarbonate, heated with dilute acid, 
gives a nitrogen-free thiocarbonate.®®® Monothiocarbonates of 
aromatic polyhydroxy compounds are recommended as azo dye 
intermediates and disinfecting agents.^^®®** 

Hydrolysis of thiolcarbonic esters is catalyzed by bases.®^®- 
1664 Oxidation of an aryl thiolcarbonate may yield an aryl sul¬ 
fonic acid.^®®^ Ammonia displaces the mercaptan rather than 
the alcohol: 
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;-BuO*CO*SEt + NH 3 i-Bu0<0*NH2 + EtSH 

;.BuS*CO‘OEt + NH 3 -*■ EtO'CO'NHj + i-BoSH 

Cyclic thiolcarbonates react with ammonia or an amine to give 
thiolcarbamates.^^’** 


Thionesters, RO*CS*OR 

Esters of this type are not well known. Thiophosgene reacts 
with an alcohol in two ways: “^ 2 , 934 a 

SCCI2 + EtOH -*■ EtCI + HCI 4- cos 

SCCI2 + EtOH -*■ EtO'CSCI 4 - HCI 

This chloride reacts with sodium alcoholate suspended in 
ether* 

EtO*CS*CI + NoOEt -*■ EtO*CS*OEt 4- NoCI 

Thiophosgene has been found to react with sodium ethylate in 
two other ways: 

SCCIg + 3 NoOEt ^ EfO*CS*ONa + 2 NoCI 4 - EtjO^^^a 

SCCI2 + 2 NoOEt ^ EtO*CS‘OEt + 2 NoCI 101 

The ester, (EtO) 2 CS, has been obtained by distilling potassium 
ethyl xanthate.^**^® The diphenyl ester, (PhO) 2 CS, is from sodium 
phenate and thiophosgene.®^’ Sodium phenate and thio- 

phosgenc give the chloride, PhO’CS*Cl, from which PhO*CS*OEt, 
PhO-CS*SPh, PhO-CS-NH 2 , PhO-CS-NHPh, and PhO-CS*NMe 2 
have been prepared.^®®®*’ The formation of thionesters is 
considered further under xanthates. 

The phenyl ester, (PhO) 2 CS, rearranges to PhO*CO*SPh when 
it is heated to 280-300® This does not seem to have been 

tried with the alkyl esters. Excess of alkali in dilute alcohol 
solution converts it to phenyl disulfide.^"*®^ This is a case of 
saponification followed by air oxidation of the sodium thiophenate. 
This is known as the Schbnberg rearrangement. Its mechanism 
and kinetics have been discussed.^**’ 

It was noted above that the mercapto group, RS-, is more 
readily replaced than the alkoxy-, RO-. At 100® with an excess 
of alcoholic ammonia both RO- groups are removed and diethyl 
thioncarbonate is converted to ammonium thiocyanate. Thiourea 
must be the intermediate: 
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(EtO) 2 CS + 2 NHj ^ NHg’CS'NHj + 2 EfOH 

NH2*CS*NH2 ^ NH^SCN 

With aniline, instead of ammonia, the product is diphenylthio- 
carbanilide, PhNH*CS*NHPh, which cannot rearrange.^^^ Am¬ 
monia, in limited amounts, displaces one of the alkyls to give the 
thiourethane: 

RO<S*OR + NHg -♦ R0<S*NH2 + HOR 

The sulfur in diphenyl thioncarbonate is replaced by oxygen 
when it reacts with heavy metal salts or oxides: 

(PhOgCS + HgO + 2AgCl ^ (PhOjaCO + AggS + 2 KCI 

The chlorides, RO'CSCl, have been used for making esters of 

thion acids: 

RO'CSCI + R'MgX ^ R'CS*OR + MgXCI 

Thiophosgene reacts slowly with cold water. The same can be 

said of the chlorides RO*CSCl. 

The decomposition of the chloride, EtO*CSCl is unaffected by 
light but is accelerated by dimethylaniline.^*® A comparison of 
the thiochloroformates with the chloroformates has been made. 
The minimum decomposition temperatures in the presence of 
quinoline are in Table 1.2.**® 

Table 1.2 


Minimum Decomposition Temperatures 


R 

RO'CSCl 

RO'COCl 

R 

RO-CSCl 

RO'COCl 

Methyl 

19 

36 

Octyl 

65 

67 

Ethyl 

39.5 

59 

Nonyl 

58 

73 

Propyl 

29 

66 

Decyl 

61 

68 

Butyl 

55.5 

81 

Undecyl 

60 

76 

Amyl 

50 

72 

Allyl 

18 

37 

Hexyl 

67 

87 

ClCftCH,- 

45 

50 

Heptyl 

58 

78 

PhCftCft- 

55 

66 


Dithiocarbonic Acids, 

Salts, and 

Esters 


These 

have been 

reviewed.^'®* 

The salts 

, RO-CS-SK, are 


known as xanthates. They are interesting historically and im¬ 
portant technically. 
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Xanthates 

History 

Organic sulfur chemistry began with xanthates and with 
Zeise, who worked with them before he got around to the mer- 
captans. His earliest publication on them in 1815 was followed 
by a number of others in Danish journals.^^®®* 

He dissolved sodium or potassium in alcohol, added carbon 
disulfide and got crystals which he recognized as salts of a new 
acid. The potassium salt is soluble in water and in alcohol but 
insoluble in ether. He made copper, lead, mercury, and zinc salts 
and the free acid which reacted with iodine to give an oil. The 
acid decomposed readily setting free carbon disulfide. He called 
it xanthogen, or “yellow former” from the Greek xanthos, yellow, 
on account of the color of the copper precipitate.^^*®® He deter¬ 
mined the formula, KS 4 CeHio 02 , using old atomic weights, one 
atom of potassium, two molecules of carbon disulfide, and one of 
ether. However, he was unable to get the xanthate from ether 
i789d jjg analyzed potassium, sodium, barium, lead, and copper 
xanthates. The barium salt was from barium oxide and an alco¬ 
holic solution of carbon disulfide.^’®®* 

Apparently without any knowledge of Zeise’s publications, 
Couerbe ®®®®’ ®®®** prepared potassium and lead xanthates. His 
inadequate reading was called to his attention by Zeise; 
Pelouze and Liebig asked why Frenchmen did not read Ger- 
man.^277 Couerbe gave full credit to Zeise and added full direc¬ 
tions for making potassium xanthate from the hydroxide.®*®' 
Zeise added iodine to potassium xanthate: 

2 ElO*CS*SK -h *2 EtO*CS*S*S<:S*OEt -|- 2 Kl 

The product was a liquid insoluble in water.^’®®^ This disulfide 
was prepared in the same way by Desains,"**® and later by Debus 
using chlorine.^®^® Zeise turned his attention to methanol, making 
the xanthic salts and the disulfide, (MeO*CS’S) 2 .^^®^ Dumas and 
Peligot had previously prepared potassium methyl xanthate and 
compared xanthates to carbonates.^^* Cetyl alcohol was dissolved 
in carbon disulfide and potassium hydroxide added. A volumi¬ 
nous salt was obtained from which the zinc and barium xan¬ 
thates were prepared.^®^^ i-Amyl alcohol was xanthated,*®’ 

868 , 1803b gQ ^|gQ ^^rc propyl ^®^® and i-butyl.^®®®“ 
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The Preparation of Xanthates 

The rate of formation of potassium xanthate has been meas¬ 
ured and the reaction has been found to be bimolecular.®^^’ 

The xanthation of cellulose fibers is also bimolecular.’®® The 
conditions of formation of xanthates have been studied.^®®^ By 
use of sodium hydroxide containing 0 it was shown that this 
is the oxygen atom that goes to make the water; the oxygen of 
the alcohol goes into the xanthate: 

RO*H + HO*Na + CSg ^ RO<S‘SNa + HjO 

There is no exchange of oxygen between water and alcohol or 
cellulose or between water and the xanthate of an alcohol or of 
cellulose.^®® This conclusion was reached by Zeise more than a 
century earlier.^'®®* The kinetics of the exchange of sulfur in 
xanthates has been studied with the aid of labeled sulfur.®®®’ 

The xanthate reaction is strictly between a metal alcoholate 
and carbon disulfide: 

EtONa + CS2 ^ EiO<S*SNa 

As stated above the original method was to dissolve sodium or 
potassium in absolute alcohol and add the carbon disulfide. In 
this case there was excess alcohol, which may have helped or 
hindered, but the reaction took place satisfactorily. 

When potassium hydroxide is added to a mixture of water and 
alcohol there is an equilibrium: 

KOH + EtOH ^ KOEt + HjO 

Carbon disulfide can react with either the hydroxide or the alco¬ 
holate: 


1. 

EtOK + 

CS2 ^ 

EtO<S‘SK 

2. 

HOK + 

CS2 ^ 

HO*CS*SK 

3 . 

HOK + 

HO*CS*SK ^ 

K2CS2O + 

4 . 

3 K2CS2O 

^ 2 K2CS3 

+ K2CO3 


We know that carbon disulfide dissolves in potassium hydroxide 
solution and that potassium trithiocarbonate is one of the final 
products, so can assume that reactions 2 and 3 must take place. 
Reaction 1 is favored over 2 since when carbon disulfide is 
shaken with 5% ethyl alcohol in aqueous alkali, 44% of it is 
converted to the xanthate. With 15% alcohol the yield of 
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xanthate is It is general practice to bring together a 

concentrated aqueous solution of potassium or sodium hydroxide 
with somewhat more than the calculated amount of alcohol and 
carbon disulfide.’*"^ Couerbe used solid caustic potash, absolute 
alcohol, and carbon disulfide in the ratio 1:1.75:1.11 equiva- 
lents.**"'= Sacc saturated absolute alcohol with potassium hy¬ 
droxide and added an excess of carbon disulfide. The excess of 
alcohol was evaporated below 50° or the xanthate was precip¬ 
itated by adding ether.’^"® A concentrated alcoholic solution of 
potassium hydroxide and carbon disulfide give a nearly quan¬ 
titative yield.®®^ A mixture of alcohol and carbon disulfide may 
react with a dry metal hydroxide, all in molecular proportions.’’®^ 
The alcohol and alkali may be mixed and the carbon disulfide 
added slowly, keeping the temperature below 50°.’® According 
to another patent the temperature is kept below 35°.”’“ The 
alcohol and carbon disulfide are mixed and sodium hydroxide 
added slowly Or carbon disulfide is added to a mixture of 
alcohol and potassium hydroxide at such a rate that the temper¬ 
ature does not rise above 35°. The smallest possible excess of 
alkali and alcohol is best, 1.1 of each to 1 of carbon disulfide.®” 
Xanthates can be prepared similarly from the higher alcohols. 
Primary alcohols react well, secondary less so and tertiary only 
at high temperatures with poor yields.®’® Operating methods have 
been given.®'‘® The carbon disulfide may be added to the mixture 
of caustic alkali and alcohol as a vaporThe caustic 
alkali is dispersed in the alcohol and the carbon disulfide added 
at a suitable temperature.®®^- ’®®® Commercial carbon disulfide 
is mixed with butyl alcohol and alkali added.’®®^ The higher alco¬ 
hols have been xanthated ®®^’ ®^® up to cetyl ’®’ and octadecyl.’” 
A solution of a ready formed xanthate is mixed with the alcohol 
and alkali before adding the carbon disulfide.’”'^ The xanthates 
from the lower alcohols are very soluble in water. After they are 
formed additional sodium or potassium hydroxide may be added 
to salt them out so as to increase the yield.”®'*- Getting 

rid of water, whether that originally present in the mixture or 
that formed in the reaction aids in completing the reaction and 
in the recovery of the water-soluble xanthate. The reaction may 
be conducted at a reduced pressure so that evaporation is fa¬ 
vored ’®®’- ’®®®'= or an inert volatile liquid may be added to 
form an azeotrope with the water.’®®’'* Anhydrous salts may take 
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up the water that is formed in the reaction.’’^ The reaction may 
be carried out in an inert medium such as a liquid hydrocarbon.^®’ 
Carbon tetrachloride and other chlorinated hydrocarbons are said 
to be catalysts enabling the reaction to go at 10®.”®® 

Alkali metal alcoholates are prepared especially for xantha- 
tion.”2® The use of dry sodium alcoholates is desirable ’®®® even 
with the lower alcohols such as ethyl and butyl, since with them 
the yields are more nearly quantitative and the temperature may 
be allowed to go as high as 80®. For preparing xanthates from 
secondary and tertiary alcohols it is particularly desirable to 
use alcoholates free from water.’”®' 

A tertiary alcohol may be mixed with finely ground potassium 
hydroxide or have sodium dissolved in it. A secondary alcohol 
may be mixed with 50% aqueous potassium hydroxide.’®®®* 
Menthol and bomeol may be made to react with sodium and the 
products converted to xanthates.*^ Their absorption spectra ®®’*’' 
and rotatory dispersion *®®^ have been measured. A terpene 
alcohol such as terpineol may be xanthated in this way.’®®® The 
terpineol may be heated with sodium at 170® to produce the 
sodium terpineolate.^®* 

Carbon disulfide can be caused to react with an alkylene gly¬ 
col, glycol ester, or an alkylene oxide and alkali.’®®’® Various 
polyalcohols have been xanthated.®® Highly substituted hy- 
droxyindene derivatives react with sodium and carbon disulfide 
to form xanthates.’®’® A xanthate can be prepared from gly¬ 
cogen but there is degradation in the process.’®®’ Only mono- 
xanthates have been obtained from glycerol,’®®’- ’®®®’ ’®®’® glu¬ 
cose ’®®’’ ’®®® and other polyalcohols.’®®’ Dextrin yields a xanthate 
from which plastic masses can be obtained.’®®® Polyvinyl alcohol 
yields a solution similar to viscose.’®’® Xanthates can be made 
from unsaturated alcohols *’®’ ”®' ®®® and from resin alco¬ 
hols.’®®* Metal xanthates of haloaryloxyalkanols have been 
patented.’®’’ ’®®’ ®” 

An alkylmercuric hydroxide may take the place of the alkali 
though a trace of sodium hydroxide must be present. The prod¬ 
ucts melt at moderate temperatures.®®’ Tetramethyl ammonium 
hydroxide and triethylsulfonium hydroxide in alcohol with car¬ 
bon disulfide give xanthate reactions.®®® Guanidine carbonate 
reacts with a mixture of carbon disulfide and an alcohol.®” 
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The formation of xanthate may be used to free benzene of 
carbon disulfide 

Xanthates may serve for the identification of alcohols. Pow¬ 
dered potassium hydroxide is dissolved in the alcohol by heating. 
Ether and carbon disulfide are added with stirring. More ether 
is added and the xanthate is filtered off. It is purified by dis¬ 
solving in water or acetone and precipitated with ether. From 
an iodine titration the molecular weight of the alcohol is de- 
duced.^^^* The potassium xanthates of twelve common alcohols 
can be titrated with perchloric acid in glacial acetic acid.^®® In 
addition to the titrations the melting points of the xanthates, 
RO*CS*SK, may be taken. These are mostly high and not sharp 
but are of service.^^®® Some are given in the lists of physical 
properties. Identification of these derivatives has been achieved 
also with the aid of chromatography, crystallography, potentio- 
metric titrations, and eutectic temperatures.®®- De¬ 

rivatives having distinctive melting points should result from the 
reaction of the xanthates with a halide such as p-nitrobenzyl or 
p-bromophenacyl bromide: 

RO*CS*SK -I- BrCHgCgH^NOg RO-CS'SCHgCgH^NOj -|- KBr 

Free Xanthic Acids 

When cold dilute sulfuric acid is added to a cold concentrated 
solution of a xanthate the free acid is precipitated as a pale yellow, 
unstable oil: 

2 RO-CS*SK -I- H2SO4 -* 2 RO*CS‘SH -|- K2SO4 

ROCS'SH ROH -I- CS2 

The solubility of the methyl acid, MeO’CS’SH, in water is 5.4 g. 
per liter at 0® and that of the ethyl 2.4 g. The dissociation con¬ 
stants for these acids are 0.034 and 0.030.^®® On account of their 
rapid decomposition the value of K was found by extrapolation 
to be 0.028 for the ethyl.’^i® The benzyl acid, PhCHgO-CS-SH, 
melts at 29® and can be kept for several hours.^®® The ethyl acid 
melts at about -53®.^®^ The corresponding selenium acid, 
EtO-CO-SeH, melts at 123“.“®®'’ 

The decomposition of the ethyl acid at 0® has been studied 
extensively ^®®’ ^®^’ and found to be monomolecular J®^ 

The rate of decomposition depends to a remarkable degree on the 
solvent.^®® 
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Table 2.2 


Rate of Decomposition of Xanthic Acid 


In carbon disulfide 

1 

In nitrobenzene 

315 

hexane 

1.5 

ether 

485 

chloroform 

3.6 

acetone 

26,000 

benzene 

5.2 

ethanol 

1 ,000,000 

In hydrocarbons it is 

low; in 

oxygenated solvents it is rapid. 


particularly so in alcohol. In a hydrocarbon the decomposition 
is autocatalytic, due to the liberated alcohol.’®^ The temperature 
coefficient is unusually high, 6.75 for 10°.®*® The kinetics of the 
decomposition of propyl xanthic acid has also been studied.*^®* 

The aminolysis of ethylxanthogenacetic acid has been stud¬ 
ied.*®®® 

The xanthic acid from bomeol, CioHitO'CS'SH, is levorota- 
tory; the dispersion is abnormal, reaching a maximum at X = 525p 
and then decreasing rapidly.*®®® 

Salts of Xanthic Acids 

The potassium and sodium salts are the ones that are obtained 
directly in the usual methods of preparing xanthates yet little is 
ever said about their properties. They are insoluble in ether and 
hydrocarbons. Those from the lower alcohols, at least, are quite 
soluble in water and only slightly so in alcohol. The densities of 
several have been determined: MeO*CS*SK, 1.7002 at 15.2°, 
EtO-CS-SK, 1.558 at 21°, i-BuO-CS-SK, 1.3718 at 15°.®®* The 
addition of a basic compound such as lime is said to stabilize a 
xanthate.** Impurities such as carbonates, thiocarbonates, and 
sulfides can be eliminated by the addition of just the right amount 
of sulfuric acid.**®* Alkali metal xanthates of amyl alcohol have 
been prepared.®®* 

The preparation of xanthates of the heavy metals is a simple 
matter: an aqueous solution of a salt, such as copper sulfate, is 
added to a neutral solution of a potassium or sodium xanthate 
and the precipitate is filtered off. Zeise and the other early ex¬ 
perimenters ®*®' **®®’ **®®‘’ **®®* did this using such water soluble 
salts of the heavy metals as were at hand with the xanthates 
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from ethyl and methyl alcohols. By 1862 nickel, cobalt, chro¬ 
mium, iron, mercury, tin, bismuth, antimony, and arsenic xan- 
thates had been prepared. Copper and zinc may be separated by 
use of the xanthates.^^®^** Many other alcohols have been xan- 
thated and the corresponding heavy metal salts prepared by later 
investigators."*^®’ 1092 c, 1093 c precipitates usually give 

the expected analytical figures and there is little to say about 
them. The solubilities in water of the heavy metal xanthates are 
very low. They increase in this order: zinc, nickel, cadmium, 
thallium, lead, arsenious, cobaltic, cuprous, silver, and mer¬ 
curic.Another author gives the reverse order; mercuric, mer¬ 
curous, auric, silver, cuprous, bismuth, lead, cadmium, nickel, 
ferrous, zinc. The solubility product for AgS*CS‘OEt is 
3.5 X 10“ *^.* 2 ®* The following form water insoluble ethyl xan¬ 
thates: Zn+ + , Fe+ + + , Ni++, V+5, CO++, Sn++, Sb+ ++, Sn+^ 
Bi+ + + , Cd++, Pb+ + , UO 2 + + , Hg++, Cu+ + , and Ag+. Of 
these Cu, Ag, Cd, Hg, and UO 2 xanthates are not extractable 
by organic solvents.***®® 

The yellow color of ethyl copper xanthate suggested to Zeise 
the name for the group. The precipitate as obtained has the 
composition of the cupric salt, (RO*CS’S) 2 CU, but Zeise and 
Debus *®*' recognized it as the cuprous salt mixed with di- 
xanthogen and wrote the correct equation for its formation: 

4 EtO*CS*SK + 2 CUSO4 -> 2 EtO*CS*SCu + (EtO‘CS*S)2 + 2 K2SO4 

The dixanthogen may be dissolved out by an organic solvent.*®^*®' 
1327b, 1327c jg curious that cupric xanthate is not infrequently 
mentioned in chemical literature a century after its existence was 
disproved.**^®’ **®®® The dark color of the copper xanthate when 
first precipitated has been attributed to the presence of copper 
trithiocarbonate *®-’^®’ *®-^‘’’ *®®*' and to its amorphous state."*"*® The 
formation of cuprous xanthate is used for the detection and de¬ 
termination of carbon disulfide and of copper. Water in a copper 
vessel may respond to this test.®®® Cuprous i-butyl xanthate is 
only slightly soluble in cold organic solvents but more so in hot 
chloroform, carbon disulfide, or benzene."*"*® Cuprous allyl xan¬ 
thate is readily prepared.*^^ The formation of a copper salt has 
been cited as proof that a xanthate was formed.*®®* 

Silver xanthates are formed by the usual precipitation 
method *®*®’ *®*®’ *®*® or by leaving silver chloride, bromide, or 
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iodide in contact with potassium xanthate solution. Silver xan- 
thate is not affected by dilute acids even at 
Lead xanthate was prepared and its formula determined in 
ISSS.*^***' It is decomposed by mineral acids and even by 

boiling water. Iodine converts it to dixanthogen.^®^*’ The 
mercurous salts are normal, the mercuric are basic.^^’® 

The crystal structure of cobaltous xanthate, (EtO*CS*S)2Co, 
d. 1 . 63 , has been determined; so has that of the nickel salt.*®^ 
The cobaltic salt melts at 117 °.^’®* Pyridine forms addition 
compounds with cobalt and nickel xanthates containing various 
alkyls: ethyl, propyl, butyl, amyl, bornyl, cyclohexyl, and cetyl. 
The nickel salt, (EtO*CS*S)2Ni, takes up six molecules of am¬ 
monia.^’®** Nickel and cobalt xanthates have been prepared start¬ 
ing with methyl, ethyl, propyl, butyl, i-butyl, s-butyl, and i-amyl 
alcohols and their absorption spectra determined.^^* 

The crystal structure of ferric xanthate has been determined.^®^' 
47®a When ferrous sulfate in 50 % alcohol is saturated with nitric 
oxide and potassium xanthate is added, dinitrosoferrous xanthate, 
Fe(NO)2(S*CS*OEt)2, is formed.^^®® The same salt is obtained 
by passing nitric oxide into ferric xanthate.^®’ 

The methods of preparing zinc salts from xanthates from ethyl 
and higher alcohols are given in patents.^®®-®®* The xanthates of 
selenium (II) and tellurium (II) have been prepared.®®^** ®**® 
Platinum xanthate, (EtO‘CS*S)2Pt, has been described. It 
takes up two molecules of ammonia.^®®® 

A gold salt is made by adding dropwise a 10 % solution of auric 
chloride to a 25 % solution of a xanthate, RO’CS'SK, in three fold 
excess. The aurous salt is precipitated.^®®® The melting points of 
the salts, RO*CS*SAu, are given in the lists of properties. 

A reaction between molybdic acid and potassium ethyl xan¬ 
thate has been observed and a method for detecting this metal 
founded on it.®®® Potassium methyl xanthate is used in a spot 
test for molybdenum in steel analysis.^*®® Molybdenum xanthate 
is insoluble in most solvents but is soluble in carbon disulfide and 
in carbon tetrachloride.®*® It has the composition (EtO*CS*S)4- 
M02O3. The corresponding i-butyl and t-amyl salts are known.^^’® 
The ethyl molybdenum xanthate, the propyl, the butyl, the 
i-butyl, the i-amyl, and the cyclohexyl have been prepared. The 
methyl decomposes without melting.^®®®® The uranium salts have 
the general formula U02(S‘CS*0R)2 and are readily hydrolyzed. 
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The ethyl, t-amyl, i-propyl, propyl, butyl, i-butyl, and cyclohexyl 
compounds have been prepared.^®®^** The reaction of uranyl ion 
with xanthates has been described.^*®^ 

Powdered potassium xanthate suspended in toluene is mixed 
with arsenious chloride and acetic acid added. The precipitate 
is (EtO'CS'SlsAs, insoluble in water, somewhat soluble in hot 
alcohol, soluble in benzene, carbon disulfide, and ether.^®®® Or 
hydrochloric acid is added to a solution of sodium arsenite and 
potassium xanthate.^®®^® Carbon disulfide may be estimated by 
adding it to potassium arsenite in alcohol.^®®® Arsenious xanthate 
is rhombohedral.^®- The corresponding antimony compound, 
(EtO'CS'SlaSb, is also rhombohedral.^^* 

Complex alcohols such as the cellosolves and carbitols can be 
xanthated. The copper salts from these are said to be useful as 
fungicides.^®^ Alkyl- or aryl-tin alkyl xanthates show marked 
stabilizing properties for vinyl chloride-acetate copolymers.®* 

Reactions of Xanthates 

The oxidation by cupric ion, which has been considered in the 
section on salts, was one of the first xanthate reactions to be 
discovered. The oxidation by iodine was an early discovery.®®^’ 
401a, 868, 957,1790(1 Chlorine may be used instead of iodine: ®> 

401d, 453, 1203a, 1393 

2 RO*CS*SK -H >2 ^ R 0 *CS*S 2 *CS‘ 0 R + 2 Kl 

2 RO*CS*SK + Clj -*■ R 0 <S*S 2 *CS* 0 R -|- 2 KCI 

Electrolysis effects the same oxidation.'^^®®’ ^^®® Ammo¬ 
nium ®®® or potassium persulfate,*®*- ^^*^ cyanogen bromide or 
chloride,^®®® chlorite,®^® hypochlorous acid,®®*®- ®®®- **® and oxides 
of nitrogen, with or without added oxygen, are recommended as 
oxidation agents.*^^®- ^^®®® Chloramine-T,®^*® sodium tetrathi- 
onate, Na 2 S 406 ,^^^ nitrous acid,®^^- ^^®®® nitrosyl chloride, and 
p-toluene sulfone amide and chloride ®^^ convert xanthates to 
disulfides. 

Hydrogen peroxide converts the -CS- group into carbonyl, 
-CO-.**^’ ®®®®- ®®®® Oxidation in aqueous potassium hydroxide 
solution by hydrogen peroxide has been used as a method of 
determining sulfur i®*® in potassium xanthate and in dixanthogen. 

In aqueous solution potassium xanthate is slowly hydrolyzed. 
The final product is potassium trithiocarbonate. With excess 
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alkali potassium sulfide and carbonate are formed.*®*’ The 

conductivity of the salts, EtO*CS*SK, EtO*CS‘SNa, BuO*CS*SK, 
and AmO*CS*SK, indicates complete dissociation in the concen¬ 
trations used in flotation. The collecting action in flotation is 
due to ionic adsorption. 

A variety of products have been reported as formed by the 
pyrolysis of potassium ethyl xanthate: mercaptan, carbon disul¬ 
fide, and liquids boiling at 130“ and at 140-5“; alcohol, mer¬ 
captan, carbon disulfide, hydrogen sulfide, and carbon dioxide; 
carbon disulfide, ethyl sulfide and disulfide, and carbon oxysul- 
fide; hydrogen sulfide, carbon dioxide, disulfide and oxysulfide, 
alcohol, mercaptan, ethyl sulfide, and disulfide.’'*^ The resi¬ 
due is potassium sulfide, sulfite, thiosulfate, and carbonate. 
Nickel and silver xanthates give good yields of the diethyl ester, 
EtO'CS’SEt.^^^ The i-butyl compound gives i-butyl sulfide, po¬ 
tassium sulfide, and carbon monoxide.^*®*" 

The mono-xanthates, of 2,3-butylene and 2,3-diamethylbutylene 
glycols, on heating, rearrange to the cyclic thion carbonates: 

1563 


M«CH(0H)<H(Me)0*CS*SK -*■ (•MeCHO)2CS + KSH 
M«2C(0H)*CMe20«CS‘SK ^ (•M«CO)2CS + KSH 

Heating resorcinol or pyrogallol with potassium xanthate forms 
an aryl dithioacid salt.^®** 

With acid chlorides mixed anhydrides are produced: 

RO*CS*SK + CICOOR' -*■ RO*CS*S*CO*OR' + KCI 786a, 1641, 1690a, 1709 
2 RO*CS*SK + 2 CICO‘OR' ^ RO*CS*S«CS-OR + R'0<0*S<0*0R' + 2 KCI 2»Ta. 

1699a, 1709, 1735 

RO*CS*SK + COCI 2 -> RO<S*S*COCI + KCI 1709 
RO*CS*S*COCI + HOH -> RO‘CS*S*CO*OH + HCI1709 
RO<S*S*COCl + HOR' RO*CS*S*CO*OR' + HCI 170» 

RO'CS'S'COCI + KS<S*OR' ^ RO«CS‘S*CO*S<S‘OR' + KCI 1709 
2 RO<S*SK + CI 2 CS -> RO‘CS*S‘CS‘S*CS‘OR + 2 KCI 1736 
2 RO*CS‘SK + CI 2 CO ^ RO<S*S*CO*S«CS*OR + 2 KCI 17»« 

2 RO*CS*SK + ClgSO -> (RO'CS'SjjSO + 2 KCI «30, 1347 

3 RO*CS*SK + CI 3 PO ^ (R 0 *CS*S) 3 P 0 + 3 KCI 1347 

EtO*CS*SK* + (EtO) 2 PSCI ^ EfO*CS*S*PS(OEt )2 -|- KCI 1771 
RO‘CS‘SK + MaCOCI -> RO'CS'S-COMe + KCI 1736 
RO*CS*SK + PhCOCi ^ RO*CS*S*COPh + KCI 66 . 1347 

2EtO<S*SNa -I- 0(CH2CH20*C0CI)2 ^ (EfO*CS*S*CO*OCH 2 CH 2)20 + 

2 NaCi 548 
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Sulfur chlorides give xanthyl polysulfides: 

2 RO*CS*SK + CIgS (R0*CS*S)2S + 2 KCI13778, 1638 
2 RO<S‘SK + CI 2 S 2 (R0*CS*S)S2 + 2 KCI 434, 1377a, 1662, 1638 

With a mercaptan or an alkylsulfenylhalide a disulfide is 
formed: 

CI 3 CSH + R0K:S*SK CIgCS'S'CS'OR 310 

f-BuSCI + RO<S*SK f-BuS*S*CS*OR + KCI 7ee« 

The trichloromethyl disulfides have fungicidal properties.®^® 

The initial reaction of a xanthate with a sulfonyl chloride is 
the formation of an unstable thioanhydride: 

EtO*CS*SK + CISO 2 R Et0*CS*S‘S02R + KCI 

According to conditions, this decomposes in various ways, one 
of which is: 

2 EK)«CS*S*S02R "4^ (EtO<S*S *)2 + (•S02R)2 

The xanthic ester EtO*CS*SEt may be formed.^^®*^- ^ 13 ^ 

The reaction of ethyl chloroformate with potassium xanthate 
gives the thioanhydrides EtO*CS*S*CS*OEt and EtO*CS*S*CO*OEt. 
786a. 1699b coiopound EtO*CO*S*CS*OPr is a liquid while 

PhMeN*CS*S*CS*OPr melts at 42°, 2 ®® The thionhydride reacts 
with aniline and with phenylhydrazine.*®^ With aniline different 
products are reported: 

EtO<S‘S*CO*OB + 2PhNH2 PhNH*CS*S*CONHPh + 2 EtOH 

EtO*CS*S*CO*OEt + PhNH'NHg PhNH*NH*CS*OEt + EtOH + COS 

Another author found the product with aniline to be a thioncar- 
bamate: 

EtO*CS*S*CO*OEt + PhNHg PhNHCSOEt + EtOH + CS 2 

It is claimed that thioanhydrides can be produced by treating 
thiocarbamates with cyanogen chloride.^*®®®' is^oa, 1540b. 1540c 'pjjg 
product with phosgene decomposes to give a high yield of the 
thioanhydride: 

(rocss)2CO (rocs) 2S + cos 

The mixed thioanhydrides, RO'CS*S*CO*OR', have been claimed 
as parasiticides ^’®® and flotation agents,^®®®- *®® the 

xanthic anhydrides, RO*CS‘S*CS*OR,®®® as flotation agents,®^® 
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accelerators,*” 2 ^® and insecticides,*^** and the xanthic 
polysulfides, (RO-CSlSs and (RO-CS-)2S4,*^^'“' 
as accelerators, antioxidants, and corrosion inhibitors for lubricat¬ 
ing oils. Bis(ethoxythiocarbonyl) tetrasulfide is used as an addi¬ 
tive in high pressure lubricants.***’ **** The carbonyl and sulfonyl 
compounds, (RO*CS) 2 CO and (R 0 *CS) 2 S 02 , are aids to flota¬ 
tion.®** Addition of a xanthic sulfide, (RO*CS) 2 S, to Thiokol de¬ 
creases flow resistance.***® A xanthic polysulfide, (ROCS) 2 S 4 , in 
a cutting oil increases loading weights.*’** An ammonium salt, 
ROCS2NH4, reacts with two molecules of formaldehyde to give 
the salt R 0 CS 2 N(:CH 2 ) 2 .‘"““ 

Dixanthogens, (RO'CS'S')t 

The methyl, ethyl, i-amyl, and cetyl compounds were prepared 
by Desains by the action of iodine on the corresponding xan- 
thates. They were subjected to the action of ammonia and of 
heat.*** Menthyl potassium xanthate reacted similarly with 
iodine.**’*’ ***® When dixanthogen is heated ethyl thioncarbonate, 
(EtO) 2 CS, and ethyl xanthate, EtO‘CS*SEt, are formed. With 
potassium hydroxide the products are potassium xanthate and 
carbonate and sulfur. With potassium hydrosulfide they are po¬ 
tassium xanthate, mercaptan, hydrogen sulfide, and sulfur.****’ 
401c, 4oia. 586 The reaction has been written: 

{EtO‘CS*S)2 - 1 - 2 tCSH 2 EtO‘CS*SK + HjSj 

(EtO*CS*S)2 4 - 2 KOH 2 ElO*CS*SK H- H2O2 

The hydrogen disulfide decomposes into hydrogen sulfide and 
sulfur while the hydrogen peroxide oxidises some of the xan¬ 
thate.*** This should not be taken to mean that hydrogen per¬ 
oxide is actually produced. Dixanthogen is produced by the 
oxidation of the xanthic ion and acts as an oxidising agent when 
it returns to the ion. With sodium the xanthate is produced: *** 

(B0CS*S‘)2 4 - 2 Na 2 EfOCS'SNa 

With ammonia a xanthogen amide, R0*CS‘NH2, is one of the 
products from a dixanthogen, (R 0 *CS*S*) 2 -^*^’ *®^"’ **‘'’ **^**’ ***• 

868, 1203a, 1699a, 1699b, 1713 

Anhydrous chlorine in butane reacts with a dixanthogen to form 
a sulfene chloride: *®’ 


(R0CSS)2 4- 3 CI 2 


2 ROCCI 2 SCI 4 - s 
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With a disulfide a redistribution takes place: 

MegSg + (i*PrOCSS)2 ^ 2 MeSSCSOPr-i 

Sodium sulfide serves as a catalyst. 

The lower dixanthogens are oils, insoluble in water but very 
soluble in organic solvents.^^^**’ They are only moder¬ 

ately stable to heat. The two lower ones give MeO’CS'SMe and 
EtO'CS'SEt. The benzyl compound decomposes into benzyl disul¬ 
fide, (PhCH 2 S*) 2 , when heated at 0.1 mm, and into stilbene at 
11 mm. or above.^^®** 

Menthyldixanthogen, (CioHi 90 CS*S) 2 , melts at 93°, [M]d 
- 1069.9, and the corresponding thioanhydride, (CioHi 90 CS) 2 S 
at 149 “ 297a, 298b, 298c, 1575 influence of temperature on the 

anomalous rotatory dispersion has been studied.^®^ T^ie menthyl 
diaxanthogen, CioHi 90 ‘CS*S* 2 CS*OCioHi 9 , is rhombic.^® 

A dixanthogen gives up sulfur to sodium arsenite or potas¬ 
sium cyanide; ®®®' 

{R 0 *CS*S *)2 + NogAsOg ^ {R0*CS)2S -|- NogAsSOg 

{R 0 *CS*S *)2 + KCN ^ (R 0 «CS) 2 S -I- KSCN 

The xanthogen monosulfides or xanthic thioanhydrides are either 
low melting solids or oils. They can be distilled at 0.5 mm, but 
not at 20 mm. (MeO-CS) 28 , 1 ^ 210,1722 (EtO-CS) 2 S, (PrO-CS) 2 S, 

(i-BuO*CS)28,1^22 (HexO-CS)28,2«- i^^ic (Et 0 CH 2 CH 20 *CS) 28 , 

and (PhCH 20 *CS )28 241 have been prepared. 

Dixanthogen, (EtO*CS*S*) 2 , is effective against body lice 2i»« 849, 
919,1536 and repels ticks,i®25 it js about as toxic as dodecyl thio- 
cyanate,2i® In an ointment on gauze it prevents fly oviposition 
on meat.i™^ Aqueous emulsions for use in veterinary practice 
can be prepared using sulfurated and naphthenic oils in place of 
soap.®2i Dixanthogens have been tried in treatment of skin dis- 
ease.®28 Dixanthogen is said to be useful for weed control.i®28 
Dixanthogen destroys microorganisms, lowers blood pressure and 
increases rate of respiration of a rabbit.^n 
Dixanthogens are useful in flotation.®^®’®*® The xanthate and 
chloride of lime may be added to the mineral pulp.ii®i Dixan¬ 
thogens from secondary alcohols are claimed.^®®^ Dixanthogen is 
a powerful collector for coals of all ranks except lignites.®®® Di- 
i-propylxanthogen disulfide is useful as a regulating agent in 
butadiene polymerization .®2« Dixanthogens in which the alkyls 
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contain at least three carbon atoms are said to increase the film 
strength of lubricating oils.^®^*** The butyl compound and 
others are claimed as vulcanization accelerators. They in¬ 
fluence favorably the polymerization of butadiene hydrocarbons 
or of chloroprene,®^®*’ Dixanthogen gave extra resistance to ultra¬ 
violet light to a vulcanized GR-S mixture.®** The i-propyl com¬ 
pound serves as a modifier in polymerization and for stabi¬ 
lization of polysulfone resins.®®** A mixture of a xanthogen and a 
mercaptan modifier is said to be useful in the polymerization of 
1,3-butadiene hydrocarbons.**®® Free-radical-initiated emulsion 
polymerization reactions are stopped by a solution of a dixan¬ 
thogen polysulfide in inorganic polysulfides.®^ 

Industrial Applications of Xanthates 
Flotation 

Xanthates are important in the recovery of minerals by flota¬ 
tion. This subject is large and can be only sketched here. Ac¬ 
cording to a review by Petersen,the basic patent on flotation, 
issued in 1905,^^**®“ was followed by over 2000 others in the next 
20 years. German patents were reviewed by Friedmann in 1921.**®* 
The use of xanthates in flotation has been reviewed by Howat.®®^ 
The fundamentals of flotation have been considered.**®*’ *®®®® 
Surface tension is important.*®*- *®® Various xanthates have 
been prepared and compared as to activity.**®’ *®*’ **®®®’ ****®’ *®®* 
Purified xanthates give better results.***®® 

The adsorption of xanthates on various minerals has been in¬ 
vestigated.***®’ ***’ *®«®’ **®2’ **®*’ *®*T‘»’ *«*«•»’ ****®’ *T*T‘» The anion has 
an influence **** and the wetting power of the solutions is to be 
considered.*®*’ *®®®’ *®®® Reactions of the xanthates with galena 
have been studied.*®®’ ***• ***’ ***■ ®*®’ *®®®’ ****’ **®® Dixanthogen is 
taken up by galena from a water suspension.*** The influence of 
adsorbed films on potential differences between solids and aqueous 
solutions of xanthates has been studied.*®*® 

There has been considerable interest in xanthates prepared 
from higher alcohols, particularly n-butyl. The xanthates from 
i-butyl and n-butyl alcohols are highly effective,*®’ *®®**’ **®®"’ ***^®’ 
*656 go is the one from i-amyl.®*’ Those from glycols are 

less active.®®® Those from s-butyl,®®*’ *®®^‘’’ *®®*’ **®®® i-butyl *®®®’ 
*®88b i-propyl ***** and been claimed. The ones made 
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from the higher alcohols are more effective.*^*^ Those derived 
from the alcohols obtained by the oxidation of kerosene or other 
oils are said to be suitable for flotationas are those from the 
hexahydrocresoles Xanthates from abietyl and hydro- 

abietyl alcohols are recommended as collectors and wetting 
agents.^®®^ Those from saturated and unsaturated alcohols of six 
to eighteen carbon atoms are claimed as flotation and wetting 
agents and vulcanization accelators.®®® Some from lower unsatu¬ 
rated alcohols are recommended as flotation agents, also as in¬ 
secticides and vulcanization accelerators.®^*’ 

Soluble xanthates are used in differential flotation.*®®^ They 
are usually employed in admixture with the other agents such as 
pine oil, cresylic acids, and mineral oils.®®^** *®*®’ *®**’ ***** **®®*’’ 

* 6*2 -pjjg heavy residual oil from the rectification of fusel oil gives 
good results with potassium ethyl xanthate.*^ A complex salt such 
as a ferricyanide may be added also.**®®* A protective colloid, 
such as starch, may be added to the mixture of agents.**®®’ *®**’ **®® 
Flotation may be effected by a xanthate and sodium silicate.*®*® 
An alkali xanthate is used with an alkali chloride.**®® Potassium 
ethyl xanthate aids in cleaning fine coal.*^®*“ 

Xanthates as Pesticides 

The effectiveness of xanthates against plant lice *®®®*' and in 
the soil against the root knot nematode *^®® has been attributed 
to carbon disulfide liberated in their slow decomposition. Potas¬ 
sium ethyl xanthate is fairly toxic to this pest.®®^“ Potassium 
t-amyl xanthate has been recommended for use against phyl- 
Zoxera.*®®®* 

Potassium ethyl xanthate is lethal to the larvae of a potato 
pest.®*® Sodium amyl xanthate may be used with Paris green.**®* 
Xanthates from t-propyl, t-butyl,*®®® and s-butyl *®®*®’ *®®*’ *®®®' 
alcohols are insecticides. Those from primary alcohols containing 
six to fifteen carbon atoms are effective insecticides, particularly 
the one from lauryl alcohol.®®® Remarkable results are claimed 
from those made from the hydroxyl compounds obtained by the 
catalytic oxidation of petroleum hydrocarbons.®*® The ethyl and 
butyl xanthates are the best but even these are not highly effec¬ 
tive fungicides.®®® Potassium ethyl xanthate mixed with soil kills 
Japanese beetle larvae.®** Cadmium xanthate is claimed as a 
seed disinfectant.***® Methyl potassium xanthate is 98% effec- 
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tive against coddling moth larvae Soils retain a significant 
amount of the sulfur of potassium xanthate.®^® 

Sodium ethyl xanthate is toxic to the aerial parts of herbacious 
plants.^®^ Sodium t-propyl xanthate is an herbicide.®®’ 
Xanthates stimulate growth of some plants.**® Potassium butyl 
xanthate has given good results in stimulating root formation in 
plants.*®*® Potassium ethyl xanthate poisoned “enzyme prepara¬ 
tions” in oxidation of ascorbic acid *®®^ and of N-acetylindoxyl,** 
and it inhibited photosynthesis in chlorella cells.®®® The conver¬ 
sion of ammonium ions to nitrite and nitrate in soil is inhibited 
by ethyl potassium xanthate, a copper-enzyme poison.*®** **^’ ***’ 

839, 883, 884, 980, 99S, 1582 

Other Applications of Xanthates 

The phenomena of vulcanization have been studied with the 
aid of potassium xanthate.**** A number of xanthic salts have 
been compared as vulcanization accelerators. The zinc i-propyl 
gave the best results.*®**® In a later study the butyl compound 
was found to be the most efficient.**® Patent claims have been 
made for metal alkyl xanthates in general,**®'* *®® for those from 
i-propyl ***' *®*® and i-butyl alcohols ***® and for zinc i-propyl,***®* 
*®** butyl,**®* t-butyl,***® and other alkyl xanthates.*®** ®®* Xan¬ 
thates have been used with dithiocarbamates.*®®* ®®** **** 

The ethyl compound is of interest in photography as a de¬ 
sensitizer.*®* Alkali xanthates from alcohols above octyl may be 
used as textile assistants. The alcohols from their decomposition 
may remain in the fiber as softening or delustering agents.**** 
The xanthic acids from high molecular weight alcohols may be 
incorporated in cosmetics.^** Some potassium xanthates are pro¬ 
moters for the dropwise condensation of steam.**^ Ammonium, 
substituted ammonium, or alkali metal xanthates have been pat¬ 
ented for the formation of plastics from 2-chlor-1,3-butadiene 
polymers.***® 

Metal xanthates are proposed for use as drying substances.**® 
Certain xanthates have been recommended as additions to 
lubricating oils to reduce oxidation and -corrosion.*®*®* *®^* A 
metal salt such as nickel amyl xanthate,*®*® potassium tridecyl 
xanthate,** or zinc i-propyl xanthate *®^^ may be added to a lubri¬ 
cating oil. 

The gold salts of propyl, t-propyl, butyl, and t-butyl xanthates 
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are not toxic to non-protein nitrogen in the blood.Potassium 
xanthate is toxic to bull, rabbit, and human sperm.^^^® 

Xanthates in Analysis 

The formation of cuprous xanthate was used to detect carbon 
disulfide in liquids and in coal gas by Vogel. The liquid was 
mixed with an alcoholic solution of potassium hydroxide, or the 
gas bubbled through such a solution. Cupric acetate was added 
to precipitate cuprous xanthate, insoluble in ammonia, which 
was added to dissolve copper hydroxide.^®*® A precipitate was 
obtained with one cubic foot of gas.'^^®* Carbon disulfide can be 
determined gravimetrically with alkyl or aryl copper xanthates. 
Of the xanthates studied for this purpose, the octyl was the most 
stable to heat.®’® The xanthate may be oxidised by permanganate 
and the sulfate ion precipitated as barium sulfate.’^®^ The pre¬ 
cipitated copper compound may be filtered off and washed on 
the filter with ammonium hydroxide.’®^^ The cuprous xanthate 
may be collected, washed, and weighed.’®^’* The copper xanthate 
formed from a gas sample can be compared colorimetrically with 
that from a known amount of a standard xanthate solution.^®® 
The alcoholic potash in which the carbon disulfide has been taken 
up is made faintly acid with acetic acid. Standard copper acetate 
solution is added and the excess cupric ion titrated with iodine.’^’- 
810 ,13.59,1401 'pjjg precipitated cuprous xanthate may be dissolved 
and the copper determined iodometrically or electrolytically.”® 

Carbon disulfide may be taken up in alcoholic potash, cream 
of tartar added, and the xanthate titrated with a standard solu¬ 
tion of copper sulfate containing Rochelle salt. Conversely, 
caustic alkalies, mixed with carbonate and other salts which do 
not react with carbon disulfide, may be converted to xanthates 
and titrated.®®® The use of carbon disulfide against phylloxera 
made it necessary to determine it in the soil which is done by 
converting it to the xanthate. The solution is made slightly acid 
with acetic acid and titrated with standard copper sulfate with 
potassium ferrocyanide as indicator.’®®®’ ’®®® This method has 
been used by many.’”* ®®’’ ’®^’ Very small amounts of carbon 
disulfide may be determined by the xanthate method, down to 
0.005 mg.’®®’ As little as 0.0005 mg. in 10 cc. of blood can be 
estimated.’®® The xanthate may be transformed into an ester ”®^ 
or precipitated as a lead salt.^^’’ ”®^’ ’^®’ Carbon disulfide in 
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ethereal oils can be determined by adding absolute alcohol and 
distilling up to 82®. Potassium hydroxide and ammonium molyb¬ 
date are added to the distillate which is made slightly acid. A 
red-violet color develops.^®*®” 

Carbon disulfide has been identified in mustard oil/®^'* in 
benzene/®*®’ in other oils/®®^ in air,®^® and in carbon tetra¬ 
chloride by the copper xanthate test and estimated by titrat¬ 
ing the xanthate with iodine or bromine: 


2EtO*CS*SK + <2 (EKXS'Sia + 2 Kl 

The iodometric titration of a xanthate is the most convenient 
method of determining carbon disulfide.^^®*® 

Advantage may be taken of the fact that free xanthic acid is 
readily decomposed: 

EtO*CS*SH EtOH + CS 2 

An excess of standard acid is added to a neutral solution con¬ 
taining a xanthate. After a few minutes the solution is back 
titrated with barium hydroxide.'^*®’ Or the xanthate and im¬ 
purities may be titrated with iodine in one aliquot while in an¬ 
other the xanthic acid is destroyed by acidification and the im¬ 
purities titrated.^^®®® 

The heavy metal xanthates have distinctive colors and differ 
considerably in solubility in water, in dilute ammonium hydroxide, 
and in acids.^*®* These characteristics may be used in qualitative 
analysis. Copper and nickel may be separated; in dilute slightly 
ammoniacal solution copper xanthate is precipitated while nickel 
remains in solution as a complex salt.^^®^* A system of analysis 
for the heavy metals by means of xanthate has been worked 
out.®^^’ ^^®® Xanthates may be used for chromatographic analysis 
for molybdenum, copper, nickel, and cobalt.^® 

Studies have been made of the volumetric determination of 
copper by xanthate.^®^®* Qualitatively, copper can be de¬ 
tected down to one part in 900,000 of water.^**® However, the 
xanthate test for copper is only about one-hundreth as sensitive 
as the diethyldithiocarbamate.®®® The colorimetric determina¬ 
tions ^^®®’ by the two reagents have been contrasted.®^® The 
xanthate tests for copper and cobalt have been compared with 
other tests.^*®® In the analysis of minerals, copper and cobalt 
may be precipitated as xanthates.® The chromatographic reso- 
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lution of cobalt complexes with certain xanthates has been 
studied.**® The solubility of cobalt xanthates in organic solvents 
has been used for its detection, determination, and separation 
from other metals.*** 

Fermate, (MeaN'CS'S) sFe, which is used as a fungicide, can be 
determined by decomposing it with dilute citric acid and the 
liberated carbon disulfide carried into an ammoniacal solution 
of cupric acetate which is extracted with chloroform and the 
yellow xanthate determined colorimetrically.^^^ 

Xanthates are of service for the determination of nickel and 
cobalt.^^*’ ^■‘*'** ^*®> *2*“’ For the separation of the two metals 
advantage may be taken of the fact that the nickel salt is soluble 
in ammonium hydroxide and the cobalt is not or that the 

nickel methyl xanthate, (MeO*CS*S) 2 Ni, is soluble.**^ 

Xanthates have been employed in detecting and determining 
molybdenum*^*’ *•’’•’*’ **^’ ‘®®^’ 1203, 1292, 1513a, 1590b, 1002 

This may be done colorimetrically.**^’ ^®**“ Spot tests are recom¬ 
mended for steel analysis.®^-* ^*®- The sensitivity increases with 
the molecular weight of the alcohol used for making the xanthate 
up to cetyl.^®*®* This has been doubted.^®**® The limit has been 
given as 0.0005 mg. per cc. or 1 in 2,000,000.‘®*®® 

Xanthate may be used for the estimation of zinc and cad¬ 
mium.^®* A micro separation of zinc and aluminum may be 
effected by xanthate.^^®® Tellurium can be detected.®^* ® Arsenic 
can be separated and identified as the xanthate, (EtO'CS'SlsAs, 
1381,1593 jjj 950 1593 Arsenite can be separated quantitatively from 
arsenate.*®* Traces of lead may be determined by production of 
air avidity in surface of sphalerite in sodium xanthate solu- 
tion.^®^^* 

Viscose, cellulose xanthate, gives characteristic colors with 
heavy metal ions.^®*®* 

Commercial xanthates may be analyzed argentometrically.*^'** 
An excess of standard silver nitrate is added and back titrated 
with potassium thiocyanate.^®*^ They may be precipitated and 
weighed as lead xanthate,^®*® or determined potentiometrically.^*^® 
Directions for analysis of technical xanthates have been given.*^^ 
Water in xanthates may be determincd.^®*^ 

Alkali xanthates can be identified by converting them to the 
palladium salts which differ somewhat in color and have distinc¬ 
tive melting points.^^** 
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The sulfur in xantlmtes may be determined by oxidation to 
the sulfate by permanganate or hypochlorous acid.^**® The 
-CS- group in thion- or trithiocarbonates may be determined by 
a solution of sodium azide and iodine.®^* 

Azidodithiocarbonic Acid 

This does not really belong in this section but in its forma¬ 
tion and in its reactions it so closely follows the xanthic acids 
that it is convenient to consider it here. 

If 7.5 g. of carbon disulfide is added to 6 g. sodium azide in 
25 cc. of water at 40-50° combination takes place. The solution 
is filtered and concentrated by standing over phosphoric anhy¬ 
dride. On cooling the concentrated solution, the sodium salt 
NsCS'SNa^HgO crystallizes out. 

NgNa -I- CSg -»■ NgCS'SNa 

This salt is stable in a closed container below 10°. The anhydrous 
salt explodes by shock or by heat.^®^® The potassium salt, simi¬ 
larly prepared, is anhydrous. It deliquesces rapidly and dissolves 
in 0.22 parts of water. The salt and its aqueous solution are 
stable below 10°. The dry salt is sensitive to shock. It is soluble 
in methanol and acetone but insoluble in most other organic sol¬ 
vents.^*®** The absorption of carbon disulfide vapor, even when 
mixed with other gases, by an aqueous solution of sodium azide 
is quantitative.®^^ 

The ammonium, tetramethylammonium,**^ and guanidine salts 
are prepared similarly: 

NH4N3 -I- CSg ^ NH4S*CS*N3 
M«4N*N3 -I- CS2 ^ M«4NS‘CS‘N3 

(NH2)2CNH2*N3 -I- CS2 -♦ (NH2)2CNH2S*CS*N3 348 

The sodium salt crystallizes with either four or two molecules of 
water, the lithium with only one. The potassium, rubidium, and 
cesium salts are anhydrous.^*^ The heavy metal salts are pre¬ 
cipitated when solutions containing the proper ions are mixed. 
They are fearfully explosive when dry.^“*’ 

The cesium and rubidium salts are photosensitive. On exposure 
to daylight they assume, respectively, light red and violet red 
tints which gradually fade out in the dark.^®^- 

Azidodithiocarbonic acid, HS’CS'Na, is formed by the direct 
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union of hydrazoic acid and carbon disulfide in ether solution.^^^* 
When an aqueous solution of hydrazoic acid is shaken with carbon 
disulfide and silver nitrate added, silver azidodithiocarbonate is 
precipitated. The usual method of preparing the acid is to add 
cold concentrated hydrochloric acid to a cold concentrated solu¬ 
tion of the sodium salt. The white crystalline precipitate is 
washed with ice water and dried on a porous plate. It is stable in 
the dark below The preparation is fully described by 

Smith.1527 

It is a moderately strong acid, K = 2.14 X 10“^ at 25°.^^®* 

The equivalent conductivity of the ion Na’CS'S" is 41.7 at 25°.^®^® 
It can be titrated with methyl red as indicator and can be deter¬ 
mined iodometrically or by the Volhard method with silver nitrate. 
It decomposes into thiocyanic acid, sulfur, and nitrogen.^®®’ 

377, 1530 


HSCSN 3 ^ HSCN 4- S 4- Ng 

Azidocarbon disulfide is formed when iodine reacts with a salt 
of azidodithiocarbonic acid: 

2 ks*cs*N3 4 - I2 ^ (N3*cs*S)2 4 - 2 Kl 

This reaction is slightly reversible; if the azidocarbon disulfide 
is added to potassium iodide solution containing starch, a blue 
color develops. The disulfide is formed also by the electrol- 
ygis 1965,1630 Qf potassium salt: 

2 N3*CS*S- -*■ (N3«CS«S42 

The electrode potential of the azidocarbon disulfide-azidodithio- 
carbonate electrode has been measured and found to be 0.275 
volts.^*"*^- 

The disulfide is a white crystalline solid slightly soluble in 
water, moderately soluble in carbon disulfide and benzene, and 
freely soluble in acetone and ethyl acetate. It is stable at 0° 
but decomposes at room temperature: 

(N3‘CS*s)2 ^ (scn)2 4- 2 s 4- 2 Ng 

Like dithiocyanogen it is a pseudohalogen and serves as an oxi¬ 
dising agent. It reacts with potassium azide: 

(•S*CS*N3)2 4- 2 KN3 ^ 2 KS-CS-Ng 4- 2 N3 (-♦ 3 N2) 
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It seems more natural to write Na'Na as the intermediate product. 
Chlorine and bromine react with it explosively but in certain 
organic solvents addition takes place; 

Ctj + (•S‘CS*N3)2 -*■ 2 CIS*CS*N3 

Brj + (•SCS*N 3)2 -»■ 2 BrS<S*N 3 

The chlorine compound is a pungent yellow oil, the bromine a 
white amorphous powder, evidently polymeric. Bromine reacts 
with silver azidodithiocarbonate in two ways: 

AgS-CS'Ng + Brg BrSCS'Ng + AgBr 

AgS-CS'Ng + 2 Brj BrgS'CS'Ng + AgBr 

With ammonia there is elimination of nitrogen: 

(•s*cs‘N3)2 + 8NH3 2NH4SCN + n Ng 

Xanthic Esters, RO'CS'SR 
Preparation 

Estere of this type are the best known and most important of 
the thiocarbonates. Many have been made, some for their own 
sakes and others as intermediates. They are prepared by alkyl¬ 
ating xanthic salts and for that reason are called xanthic esters, 
or alkyl xanthates. Thus EtO‘CS*SPr is propyl xanthate, or 
specifically propyl ethylxanthate. Xanthic acid is EtO‘CS*SH 
and its salts and esters are EtO*CS*SK and EtO*CS*SR. When 
we use the terms alcohol, mercaptan, and xanthate we mean the 
ethyl compounds EtOH, EtSH, and EtO*CS‘SK since they were 
the first compounds of their classes to become known. When 
other alkyls are involved they must be designated. Thus PrOH, 
PrSH, and PrO*CS*SK are propyl alcohol, propyl mercaptan, 
and potassium propylxanthate. 

Potassium xanthate, as has been shown in a preceding section, 
is one of the easiest compounds to prepare. 

BOH + CSj + KOH -*■ EfO*CS‘SK -f HgO 

As the potassium is joined to a bivalent sulfur atom alkylation 
takes place easily and completely: 

EfO*CS*SK + E»CI -*■ EtO*CS‘SB + KCI 

EtO*CS*SK + KM«S 04 -*■ EtO*CS*SM« + K 2 SO 4 271a, 271b 
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Since it has become available the more active dimethyl sulfate 
is preferred: 

RO<S*SK + -*■ RO*CS*SM* + m«SO^ 

RO'CS'SK + EtI -♦ RO*CS*SEt + Kl 1134. 1203a. 1412b. 1413b. 1425 
2 RO'CS'SK + BrCH 2 CH 2 Br RO*CS*SCH 2 CH 2 S<S*OR + 2 KBr »»«. 1«»»»> 

2EfO‘CS*SK + 0(CH2CH2CI)2 -♦ 0(CH2CH2S‘CS‘0Et)2 + 2 KCI lll»»> 

The reaction of alkali xanthate with an ethylene halide is irreg¬ 
ular and may yield carbon oxysulfide, hydrogen sulfide, and 
olefin. The percent of the olefin increases with branching in the 
ethylene halide.*^® Cyclohexyl iodide reacts with potassium 
xanthate.^®® 2,2,6,6-Tetramethylcyclohexanol has been xan- 
thated and made to react with alkyl halides. When these esters 
are heated to 300° they isomerize: 

M« 4 C,H 70 *CS*SR -♦ Me4C,H7S‘CO*SR 

The properties of these esters are in the lists of physical prop¬ 
erties. Methyl fenchyl xanthate, [a] 24/D -138.28°, isomerizes 
similarly; the product, bio 173°, [a] 24/D -24.64°, gives thio- 
fenchol, [a] -24.64° on hydrolysis.®^® 

A number of esters, PhC(:NPh)S‘CS*OR, have been pre¬ 
pared.®®®' The methyl and ethyl esters have been prepared from 
xanthated borneol and their rotations, absorption curves,®®^® 
and crystal forms studied.^®* ^®®'‘ Methyl esters of a- and 
p-norborneol have also been prepared.^®®® 

Methyl magnesium ®®® and allyl potassium ^®^® xanthates react 
well with ethyl bromide. Even methyl nitrate can be used as the 
alkylating agent.^^®® 

It is not necessary to isolate the metal xanthate.^^®®’ ^^®^ Pow¬ 
dered sodium hydroxide may be added to the alcohol in carbon- 
disulfide and methyl iodide added.^®®® Or carbon disulfide is 
added to a methanol solution of potassium hydroxide. As soon 
as it is dissolved dimethyl sulfate is put in.'^®® Even in cases in 
which it is impossible to isolate the metal xanthate, the ester 
may be obtained by adding methyl iodide to the mixture of 
carbon disulfide and sodium alcoholate.^®®® 

The free xanthic acid reacts with trityl chloride: ^^® 

PhjCCI + HSCSOEt PhgCSCSOEt + HCI 

Xanthic esters can be obtained from the ester chlorides, 
RO-CSCL: 1®®®® 
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RO*CSCI + NaSR' RO*CS*SR' + NaCI 

Chloracetic and other a-halogen aliphatic acids react regularly 
with a xanthate: 

EtO*CS*SK + CICHgCOOK -> EtO'CS’SCHgCOOK + KCl 
EtO*CS*SK + CHgCHBrCOOK -> EtO‘CS*SCH(CH 3 )COOK + KBr 

Esters of chloracetic acid react well: 


EtO*CS*SK + CICHgCOOEt -> EtO'CS'SCHgCOOEt + KCl 

Other derivatives of chloracetic acid and most compounds con¬ 
taining active halogens react readily: 


EtO*CS*SK 

+ 

CICH 2 CONH 2 ^ 

EtO‘CS*SCH 2 CONH 2 + 

KCl 

EtO*CS-SK 

+ 

CICH 2 CN -> 

EtO'CS’SCHgCN + KCl 


EtO*CS’SK 

+ 

CICH 2 COCH 3 -> 

E» 0 *CS*SCH 2 C 0 CH 3 + 

KCl 


Many of the compounds obtained by reacting chloracetanilide 
with xanthates are solids and are useful for identification: 

RO*CS‘SK + CICHgCONHPh -*■ RO'CS'SCHgCONHPh 


Since the xanthates are so readily made from alcohols, this offers 
a convenient way of identifying alcohols. DL-Borneol and menthol 
were treated with sodium and then with carbon disulfide which 
was followed by chloracetamide. The product, RO*CS*SCH 2 - 
CONH 2 , from borneol melted at 88® and that from menthol at 
98.9®, [ajo -64.5®.'^®® Various metal xanthates react with chlora- 
cetyl carbamides: 

RO*CS*SK + CICHgCONH'CO'NR'R" -> RO'CS'SCHgCONHKTO^NR'R" 

R may be methyl, ethyl, etc., and R' and R" aryl or alkyl 
groups.®’® 

The kinetics of the reaction of chlor- or brom-acetic acid 
with xanthate ions has been extensively studied.®®’’ ’*®® The re¬ 
action is of the second order.’®’^ The rates of the reaction of 
alkylbromomalonic acids have been compared: 

EtO*CS*SK + BrRC(COOK )2 -*■ EtO*CS*SCR(COOK )2 + KBr 

The relative rates when R is H, i-Pr, Et, or Ph are: 9.8, 3.6, 1.1 
and 1. It is remarkable that the hindrance by the t-propyl group 
is less than that of the ethyl. In acid solution the reaction is: 

2 BO*CS*SH + BrCR(COOH)2 -*■ (EtO*CS*S*)2 + HCR(COOH)2 + HBr 
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The stereo-isomeric xanthosuccinic acids have been prepared from 
the bromo-derivatives: 

EtO<S*SK + BrCH(COOK)CH2COOK ^ EtO*CS*SCH(COOK)CH2COOK -f- KBr 

A trichlorobenzyl alkyl xanthate ester, Cl 3 C 6 H 2 CH 2 S*CS*OR, 
from trichlorobenzyl chloride and a xanthate,and dixanthates, 
from alkylxanthates and dihalides,*** are said to be useful in a 
high pressure lubricant4*^ The esters, p-CeH 4 (CH 2 SCSOR )2 
and (CH 2 SCS 0 R) 2 , show insecticidal activity ^'^**' while the 
esters, 5,3,6-Me(02N) (HO)C 6 H 2 CH 2 SCSOR, have valuable 
fungicide properties.“^ Some diesters having a long carbon chain, 
RO*CS*S(CH 2 )xS*CSOR', promote perfect dropwise condensation 
of steam on a cooled metal surface.^^^ Potassium ethyl xanthate 
and methyl dichlorostearate give a monochloro xanthic ester 
which is said to be useful as a corrosion inhibitor and a film- 
strength improver in lubricating oils^*^* 

Glycolic acid reacts with carbon disulfide and alkali: 

K00C*CH20H -f. CS 2 4- KOH ^ KOOC'CHjOCS'SK -f- H 2 O 

This can be ethylated: 

K00CCH20<S*SK + BBr KOOCCHaO-CS-SEt + KBr 

The acid from this is isomeric with EtO*CS*SCH 2 COOH from 
xanthate and chloracetic acidJ**®’ ’**' Chloracetamide reacts 
well: * 

KOOCCHgO'CS'SK -f- CICH 2 CONH 2 K00CCH20*CS*SCH2C0NH2 -f KCI 

This amide melts at 130°. Some of the amide SC(SCH 2 CONH 2)2 
is obtained as a byproduct. Lactic acid may be put through 
similar reactions: 

NaOOC*CH(CH 3 )OH + CSg -f- NaOH -♦ Na02CCH(CH3)0*CS*SNa + H 2 O 
NQ02CCH(CH3)0*CS*SNa + EtBr EtS*CS*0CH(CH3)C02Na + NaBr 

The DL-acid from this melts at 73-4° and is soluble in water to 
the extent of 3.67 g./l. It has been resolved. The d(-) acid melts 
at 36-7°, [ajD-9.7°, solubility in water 6.37 g./l.'^***’ Malic acid 
has been studied.^*®* The isomeric acids: 

I. Et0<S*SCH(C00H)CH2C02H and II. EtS*CS*0CH(C00H)CH2C02H 

have been contrasted; [a] 25/D is 104.1° for I and 36.6° for II.”*® 
a-Xanthobutyric and a-xanthopropionic acids have been 
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resolved. A comparison has been made between the optically 
active dithiocarbethoxy derivatives of malic and aspartic 
acids: 

Et$«C$«OCH(COOH)CH 2 COOH and Et$<$«NHCH(COOH)CH 2 COOH 

Acetobromoglucose has been made to react with potassium 
xanthate.^^®® Similarly triacetylxylose ethylxanthate has been 
made from acetobromoxylose.®^® Conversely a-methylglucoside/®^® 
and many similar compounds,®®2' ^^®® have been converted to xan- 
thate salts by treatment with barium hydroxide and carbon di¬ 
sulfide and then methylated. Methyl a-methylglucoside xan- 
thate has rotation [a] 23/D 122.7“, the ^-isomer has [a] 20/D 

- 5.01 “.^"20 

Thiophosgene reacts with o-hydroxythiophenol to form a cyclic 
xanthate ester, m. 98“.*®^ 

Hydrolysis of Xanthic Esters 

These esters are easily hydrolyzed.®^® A mercaptan ester is 
more readily hydrolyzed than one from an alcohol,^®®® and it has 
been claimed that hydrolysis may be stopped at the half ester, the 
mercaptan being eliminated: ^^®® 

BO<$«$Et + KOH -*■ E»0<S*0K -|- EtSH 

Alcoholysis may intervene: 

EtO<$>SEt + M«0H + KOH M«0*CS«0K + EtSH -|- EtOH 

Complete hydrolysis eventuates in mercaptan, alcohol, carbon 
dioxide, and hydrogen sulfide: ^^®® 

ElO*CS*SEt + H2O -*• EtSH H- Eton + COS 
cos + H2O ^ CO2 + H2S 

There must be disproportionation since potassium dithiocarbonate 
has never been reported: ®®® 

CHoS‘CS*OEt KO CH-S KO*CS*OEt 

r +1 - I > + 

CH2S<S*OEt H CH2S^ HOEt 

Carboxymethyl xanthate, EtO*CS’SCH 2 COOH, is said to be 
hydrolyzed partially: 

EtO-CS'SCHjCOOK -|- KOH -♦ EtO*CO*SK -|- HSCH 2 COOK 
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When it is heated in neutral solution some of the trithiocar- 
bonate, SC(SCH2COOH)2, is formed.”"'’- Its saponifica¬ 

tion gives some of the same as a by-product.”"*^ The ethylene 
ester loses carbon oxysulfide when it is heated with ammonia: 

CH2-0 CHa 

I ^CS -> I > -h cos 

CHa'S'^ CH^ 

The ethylene dithiocarbonate has been obtained as a by-product 
in the saponification of a complex xanthate ester."®®* 

Ammonolysis of Xanthic Esters 

As this is an important method of preparing thiourethanes it 
is considered more fully in that section. 

Ammonolysis follows the same course as hydrolysis. The mer¬ 
captan is displaced in preference to the alcohol: 271a, 297a, 327.417, 

786a. 786c, 786d, 787b, 790c, 124H, 1412b, 1413b, 14S0 

EtO*CS*SR + NH3 -> EtO<S*NH2 + RSH 

Ammonia ( 10 %) on isofenchylxanthic ester gives two isomeric 
amides, CioHi70‘CS*NH2, one an oil, the other a solid melting 
at 70 °, [ajo - 37 . 77 °."''®*'’ Menthyl, bomyl, fenchyl, and other 
terpene xanthic esters behave somewhat similarly 
The selective degradation of a peptide may be brought about by 
the action of a dialkyl xanthate. The terminal amino acid is 
removed and may be identified by the melting point of the re¬ 
sultant N-Thionocarbalkoxy derivative.*®^ A hydrazine reacts 
as an amine: 

EtO-CS‘SEt + H2N*NHPh -* EtO*CS*NH*NHPh + EtSH 

Mercaptans from Xanthate Esters 

This has already been considered in the mercaptan chapter, 
Vol. I, page 30 , as a preparation method. 

Since potassium xanthate is so readily prepared and since it 
reacts so easily and completely with alkyl halides, sulfates, and 
the like, the hydrolysis or ammonolysis of xanthic esters is a con¬ 
venient way of preparing mercaptans: 

EtO<S*SR + HgO RSH + EtOH + COS 

EtO*CS*SR + NHj RSH + EtO‘CS‘NH2 
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The over-all yield from the alkyl halide is high. A special advan¬ 
tage is that there is no opportunity for the formation of the alkyl 
sulfide, RSR. Thus 10-bromoundecylic acid has been converted 
to the corresponding mercaptoacid: 

EtO*CS>SK -I- Br(CH 2 )ioCOOK ^ EtO*CS*S(CH 2 )ioCOOK -|- KBr 
EfO*CS*S(CH2)ioCOOH -|- HgO ^ HS(CH2)ioCOOH -f EtOH -f COS 

P-Mercaptobutyric acid has been obtained by the hydrolysis of 
a xanthate ester: 

HOOCCH2CH(M«)S<S«OEt -f HjO ^ M«CH(SH)CH2COOH -f EtOH -|- COS 

Racemic a-xanthopropionic acid was resolved and the active 
mercaptopropionic acids obtained by ammonolysis.®^^** 

The method has been useful for making aromatic mercaptans 
from diazonium halides: 

PhNgCl + KS*CS*OEt -► PhS*CS*OEt + Nj -|- KCI 
PhS*CS*OEt -f HjO -► PhSH + EtOH -|- COS 

This has the effect of converting an aromatic amine to the corre¬ 
sponding mercaptan: 

ArNH 2 -► ArSH 

The reaction does not always go so simply; ArS*CO*SAr may be 
formed also.^^^ 

A sulfide may be made without isolating the mercaptan by 
adding a halide to the reaction mixture: 

EtOCSSCH2CH2COOH -|- NH^OH -|- p-Ci^H^CHjBr -*■ 
P-C,(,H7CH2SCH2CH2C00H + NH4Br + EtOH + COS 

Other Reactions of Xanthic Esters 

Chlorination of a xanthate gives a sulfonyl chloride and a 
chloroformic ester: 

EtO<S*SEt -H CI 2 -*■ EtOCOCI -I- EtS02CI 

If anhydrous chlorine is used in liquid butane a sulfenyl chloride 
is formed: 

MeOCSSM* + CI 2 ^ MeOCCl2SCI -|- M^SCly 

A sulfenyl chloride, c-HexS*CCl 2 *SCl, results when a mixture of 
cyclohexane and carbon disulfide is chlorinated under the influence 
of light.*^® 




168 


Organic Chemistry of Bivalent Svlfur 


Xanthic esters undergo an interesting reaction with alkyl 
halides: 


RO*CS*SR' + R"Br -»> R'S*CO*SR" + RBr 

A sulfonium compound is probably the intermediate: 




R" 


CS + 


Br 


RO, 


R'S 


X 


R" 

Br 




R'S 




R"S 




C:0 + 


R 

I 

Br 


Xanthogenacetic acid and bromacetic acid heated at 120® for 
three hours give the acid, OC (SCH 2 COOH) 2 . Similarly OC(SCH 2 - 
CH 2 C 00 H) 2 , is obtained from P-xanthogenpropionic acid and 
P-bromopropionic acid.^^^** Another example is: 


EtO’CS'SCHgCOOH + Ph^CHBr -*■ PhgCHS'CO'SCHgCOOH + EtBr US 

The reduction with lithium aluminum hydride of the carbonyl 
and xanthate functions of certain xanthic esters, produces sub¬ 
stituted mercapto ethanols."*®^ Hydrogenation with a sulfactive 
catalyst gives methyl mercaptan.®** 


Pyrolysis of Xanthic Esters 


This has been a much used method of preparing unsaturated 
hydrocarbons from alcohols, particularly in the terpene group: 

CnMm + lO-CS*SMe C„H„ + COS + MeSH 

The second alkyl is preferably methyl since methyl mercaptan 
cannot lose hydrogen sulfide. Ethyl alcohol loses water more 
readily than ethyl mercaptan parts with hydrogen sulfide. Ethyl 
xanthate should give the mercaptan: 

EfO-CS*SEt CHgtCHg + COS + EtSH 

Apparently this has not been demonstrated. In f-butyl xanthate, 
f-BuS*CS*OEt, things would be more evenly balanced. Dihydro- 
carveol, menthol, thujol, borneol, 4-methylborneol, 4-methyliso- 
borneol, fenchol, and cholesterol have been converted to unsatu¬ 
rated hydrocarbons in thk way.^*®**- ^*®®* ^**’ ^*^*’ ^*^**’ ^®' ^®®* 

1487 

The kinetics of the Chugaev reaction with cholesteryl xan- 
thates, the methyl trithiocarbonate of cholesteryl, and other cho¬ 
lesteryl compounds all show first order rate constants. These 
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compounds decompose according to a six membered ring transi¬ 
tion state.^^^® A mechanism has been proposed for the reac¬ 
tion.*®*® The pyrolysis of certain xanthic esters to form olefins, 
has been used in the study of cis-trans isomerism.**- *** Bor- 
nylene **®- *®®- **** 6-methylbornylene,®** 4-methylcyclohexene,****- 
1107 ,1108 methylenecyclohexene, CeHio:CH 2 ,*® fenchene,*®**"- *®*^- 
1208 ,1323 pericyclocamphene,*** and carene **®^ have been prepared 
by this reaction, so have a number of highly branched aliphatic 
hydrocarbons.®®*- ®®^- *^’*- **®*- *^®^ Xanthic esters from straight 
chain dibromides decompose so as to give the unsaturated hydro¬ 
carbon and a mercaptan: *®* 

C„H 2 „(S-CS-OEt )2 -»• C„H 2„_2 + 2 cos -|- 2 EtSH 

Highly branched dienes could not be prepared by this method 
since the required xanthic esters were not obtained when the 
dibromides were reacted with ethyl sodium xanthate.***- *®*®“ 
Ethylene bromide was caused to react with sodium xanthate and 
the ester pyrolyzed: 

(•CH2S-CS*Oft)2 C 2 H 2 -I- 2 cos -I- 2 EtSH 

The ester from propylene glycol xanthate gave methylacetylene, 
carbon disulfide, and ethanol while, (•CH(CH 3 ) 0 *CS‘SEt) 2 , from 
2,3-butanediol, gave butadiene, carbon oxysulfide, and ethyl mer¬ 
captan.**^* Starting with isobutylene bromide the end product 
was dimethyl acetylene.**®* The xanthate ester from benzhydrol 
gives tetraphenylethylene: *** 

2 Ph 2 CHO*CS*SMe Ph 2 CsCPh 2 -|- 2 COS -|- 2M«SH 

When the methyl benzyl ester, PhCH20*CS-SMe, is heated re¬ 
arrangement to the more stable ester PhCH 2 S*CO‘SMe takes 
place. At 290° this decomposes, giving 60%i stilbene and 25% 
toluene.*^^® The methyl xanthate of endo-5-hydroxy-bicyclo- 
[2,2,1 ]hept-2-ene decomposed in an atmosphere of nitrogen to 
form an oil, b. 40-70°.*®*^ 

Uses of Xanthic Esters 

Methyl ethyl xanthate, EtO*CS'SMe, has been found to be 
moderately effective against codling moth larvae.***^ Various 
xanthate esters have been recommended as insecticides ®**- ®®* 
and others for protecting wood and seeds against fungi and bac- 
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teria.^^^ The toxicity and repellancy to the larvae of flies of 
EtOCSSCH 2 CMe:CH 2 and the invitro antibacterial activity 
of p-HOOCC 6 H 4 SCSOEt and o-MeC 6 H 4 SCSOEt have been 
determined. Methyl xanthate exerts a lipotropic effect when ad¬ 
ministered to male rats on a diet which produces fatty livers.^^®® 
The diethyl ester, EtO’CS’SEt, serves as a rabbit repellant®^® 
and has been claimed as an oxidation inhibitor for turbine oils 
and diethyl (xanthyl) ether, 0 (CH 2 CH 2 S*CS‘ 0 Et) 2 , as a film 
strength improver for lubricating oils.^^’®“ Allyl esters serve as 
collectors in froth flotation.^^” Certain esters are softening agents 
in the lacquer and synthetic resin 2 *®' industry. 

Dithiolcarbonic Esters 

The isomeric esters, RS’CO*SR, can be obtained by the use of 


phosgene: 

1318 , 1412 b. 1413 a 





EtSH -1- 

OCCI2 ^ 


EtS<OCI - 1 - 

HCI 


EtS'COCI 

+ NaSEt 


EtS*CO*SEt 

-I- 

NaCI 

2 PhSNa 

+ CIgCO 


PhS*CO*SPh 

-I- 

2NaCI 

A mixed ester 

can be made: 

1462 b 




i-AmS*COCI 

+ NaSMe 


f-AmS*CO*SMe 

+ NaCI 

PhS'COCI 

+ RSH 


PhS-CO-SR + 

HCI 


A reaction takes place when phenyl carbonate is rubbed with 
sodium mercaptide: 

PhgCOa -1- NaSEt -* (EtS)2CO -|- 2 PhON« 

Dithiol esters result from the oxidation of trithiocarbonates 

814C, 1163 


SC(SR)2 -»• 0C(SR)2 

Partial hydrolysis of an iminodithiocarbonate is another method 
of preparation: 

R'N:C(SR)2 -I- H2O ^ R'NH2 -I- 0 C(SR )2 

A curious method of formation is by the treatment of an alkyl 
thiocyanate with sulfuric acid:^^^® 

2 EtSCN -I- 3H2O -I- 2H2SO4 ^ (EtS)2CO -I- 2NH4HSO4 - 1 - CO2 

Alkaline hydrolysis, or treatment with ammonium hydroxide, 
eliminates the mercaptan: 
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(Et$)2CO + 2 KOH KgCOg + 2 EtSH 

(EtS)2CO + 2 NHg -♦ (NH2)2C0 + 2 EtSH 

The acid, OC(SCH 2 COOH) 2 , boiled in neutral aqueous solution 
is decomposed: 

0C(SCH2C00H)2 + H 2 O -♦ 2 HSCH 2 COOH + CO 2 

With a limited amount of ammonia or of a primary amine the 
reaction may stop half way: 

RS«CO*SR + HjNR' -♦ RS*CO«NHR' + HSR 

With a secondary amine it goes no farther than this.^^^ 

Acetone and carbon disulfide react at room temperature to give 
a crystalline compound the nature of which is not clear 
Dibenzyl dithiocarbonate has been claimed as a vulcanization 
accelerator.^^®* The dithiol ester from thioglycolic acid is a 
modifier in bulk styrene polymerization.^^®® 

Trithiocarbonic Acid and its Esters 

Salts of Trithiocarbonic Acid 

Carbon disulfide dissolves in concentrated aqueous potassium 
sulfide: ^®®*’ ^*®® 

CS2 + K2S KgCSg 

It dissolves also in water containing calcium hydroxide: 

3 CS 2 + 3C«(0H)2 2C«CS3 + CaCOg + 3 H 2 O 

Strontium and barium salts are obtained similarly. The sodium 
salt is obtained by mixing aniline, carbon disulfide, and caustic 
soda: 


2PhNH2 + 2 CS 2 + 2NaOH NojCSg + SC<NHPh )2 + 2 HgO 

In alcohol solution the heat of formation is: 


NOgS 

+ 

CS2 

+ 

BOH = 

NdgCSg 

+ 

BOH 

+ 

5700 cals. 


+ 

CS2 

+ 

EtOH = 

NoaCS^ 

+ 

BOH 

+ 

8550 cals. 

Na2C$3 

+ 

s 

+ 

EtOH = 

Na2CS4 

+ 

BOH 

+ 

4290 cals. 


Trithiocarbonates can be made by the addition of carbon disulfide 
to an ammonium polysulfide solution,”®® to alcoholic ammo- 
nia,i®®7a or to aqueous ammonium or potassium hydroxide.^^^®"- 
iTiob jjas been suggested that the ammonia and carbon disul- 
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fide of coke oven gas may combine to form ammonium trithio- 
carbonate and that this decomposes into ammonium thiocyanate 
and hydrogen sulfide: 

(nh4)2CS3 NH4SCN + 2 HjS 

Carbon disulfide and aqueous sodium hydroxide give a mix¬ 
ture of carbonate and trithiocarbonate: 

6NaOH -f- 3 CS 2 -♦ 2Na2CS3 + NogCOg -|- 3 H 2 O 

The kinetics of this reaction has been studied It is prob¬ 

ably a two step reaction.^®^ This reaction is verified by the fact 
that the addition of an alkyl halide to the solution gives an 
alkyl trithiocarbonate.^^^"*’ In the reaction of carbon disul¬ 
fide with calcium hydroxide the fact that calcium carbonate is 
insoluble and precipitates out might be urged as a reason for the 
disproportionation but both of the sodium salts are soluble. 

Double salts, CUNH4CS3 and CuKCSs, are obtained from 
cuprous chloride, carbon disulfide, and aqueous ammonium or 
potassium hydroxides.^®^ Alkylammonium trithiocarbonates, 
(NH 3 RS) 2 CS, have been prepared indirectlyA quaternary 
ammonium hydroxide such as PhCH 2 Me 3 NCH, combines with 
carbon disulfide to form a salt which separates as yellow crystals. 
Heavy metal salts have been made in which half of the quarter¬ 
nary ammonium is replaced by metal. These may be regarded as 
double salts like the cuprous salt above.®^^ The salt, Fe 4 (NO) eCSs 
has been obtained from ferrous sulfate, sodium nitrite, and sodium 
trithiocarbonate. The double salt, Fe(NO) 2 SK, reacts with 
ethyl iodide to give the mercaptide Fe(N 0 ) 2 SEt.^^^^ 

Free trithiocarbonic acid was supposed to have been made by 
treating sodium amalgam with carbon disulfide, extracting with 
water, precipitating mercury with hydrogen sulfide, and acidi¬ 
fying with hydrochloric acid, but the product so obtained did not 
correspond to the pure acid.^®^® The pure acid can be prepared 
by the addition of ammonium or calcium trithiocarbonate 
to cold concentrated hydrochloric acid. It separates as a red oil 
which is stable in the presence of strong acids and soluble in 
organic solvents.^^^^ It has d 17/4 1.47, melts at -30.5°, has 
surface tension 48.3 dynes/cm. at 12.3°, parachor, 197.3,^^®® and 
boils at 50° with decomposition.^^^^ Trithiocarbonic acid has 
K = 0.(X)1; when ammonia is added to its ether solution its am- 
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monium salt is precipitated.^^* It expels carbon dioxide from 
carbonates. Lead, zinc, and cadmium salts have been prepared. 
They decompose into metal sulfide and carbon disulfide.^^^* With 
an aromatic amine the diarylthiourea is obtained from a heavy 
metal salt: 

MCSg + 2 PhNHj -* SC(NHPh)2 + MS + HgS 

The use of salts of dithio- and trithiocarbonic acid in chemical 
analysis has been suggested.^^®® 

Water-soluble trithiocarbonates are analyzed by decomposing 
them and determining the liberated carbon disulfide.®^®* Thio- 
carbonates may be estimated by conversion into xanthates.'^^® 
The detection of sodium trithiocarbonate and sodium perthio- 
carbonate in the presence of one another and by themselves has 
been accomplished through ultra violet absorption spectra.^®®^ 
Sodium trithiocarbonate gives characteristic colored precip¬ 
itates with heavy metal ions. Analytical procedures have been 
based on this fact.^®^^* ^®®® The formation of the salt, 

TI2CS3, is a specific test for thallium.^®*^ A colorimetric method 
for nickel is based on the nickel salt NiCSa.^®®® Osmium reacts 
characteristically with sodium trithiocarbonate.^®^®** 

Esters op Trithiocarbonic Acid 
Preparation 

Ethyl chloride passed into potassium trithiocarbonate gave 
ethyl trithiocarbonate as a yellow liquid which became red on 
heating.*®^®- 1 ^^® Ethyl iodide gave the same esterso did the 
bromide.^^^®** 

By the action of ethyl iodide and carbon disulfide on sodium 
amalgam in the presence of moisture Lowig and Scholz obtained 
a compound (€ 3116)283 which they regarded as allyl trisulfide.^®*® 
This experiment has been repeated and the product shown to be 
ethyl trithiocarbonate, (C 2 H 6 ) 2 CS 3 .^®^® Some methyl trithiocar¬ 
bonate was obtained by methylating the reaction product of 
sodium amalgam on carbon disulfide.®®* 

Ammonium trithiocarbonate and methyl iodide give a good 
yield of the methyl ester.^^*®“- ^^*®** Methyl calcium sulfate and 
potassium trithiocarbonate also produced the methyl ester.®®^ 
i-Butyl trithiocarbonate was obtained from the iodide.^®®®** So- 
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dium trithiocarbonate gave the ethyl ester with ethyl iodide.®^^* 
The methylene ester, CH2CS3, obtained from sodium trithio¬ 
carbonate and methylene bromide, was amorphous and probably 
polymeric.®^^® The ethylene ester, (CH 2 ) 2 CS 3 , was the product 
with ethylene bromide.®*'***’ *‘®® The best method for getting the 
ethylene trithiocarbonate, in the laboratory, is the reaction of 
ethylene oxide with an alkali methyl xanthate.®^*’ The pro¬ 
pylene, i-butylene, and i-amylene esters were made but not well 
characterized.®*^' The trimethylene ester, CH 2 (CH 2 S) 2 CS, melts 
at 80® and the 2-methyltrimethylene, MeCH(CH 2 S) 2 CS, at 

740 1167 

Chloracetic acid gives the thioglycolic acid derivative, 
SC(SCH2C00H)2,***' *®‘’*«®“ which melts at 173® forming the 
anhydride.® The methyl and ethyl esters melt at 32® and 47®, 
respectively. Boiled in alkaline or neutral aqueous solution, this 
acid is decomposed into thioglycolic acid, carbon dioxide, and 
hydrogen sulfide. This must be in two steps: 

SC(SCH2C00H)2 -I- HgO ^ SCO + 2 HSCH2COOH 

SCO + H2O ^ CO2 -I- HgS 

It can be oxidised with permanganate or nitric acid to the dithio, 
0 C(SCH2C00H)2 .^®®* Two isomeric acids, SC(SCH(Me)- 
C00H)2, are obtained from a-bromopropionic acid.^®®** The 
diamide, SC(SCH 2 CONH 2 ) 2 , is from chloracetamide. The same 
amide can be made from the ester and ammonia: ^®®^ 

SC(SCH2COOEt)2 -I- 2 NH3 ^ SC(SCH2C0NH2)2 + 2 EtOH 

The diethyl amide is made from the reaction of diethylchlora- 
cetamide with sodium trithiocarbonate.*^^* The next higher 
homolog is from the reaction of P-iodopropionic acid and potas¬ 
sium trithiocarbonate: 

K2CS3 -I- 2ICH2CH2CO2H ^ sc(SCH 2CH2C02H)2 -I- 2 Kl 

This acid melts at 110® and is only slightly soluble in cold 
water.^®®' a-Bromostearic acid forms a trithiocarbonate.*®®® 

An aromatic trithiocarbonate can be made from a diazonium 
salt: 

2 PhNaCI + K2CS3 ^ (PhS)2CS + N2 -b 2 KCI 

Thiophosgene reacts with a mercaptan in two stages, or with 
a mercaptide in one: ®®’ ®®®’ 
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EtSH + CICSCI 


EtS'CSCI + 

HCI 

EtS*CSCI 

+ 

NaSEt 


EtS*CS*SEt 

+ NoCI 

2 EtSNa 

+ 

ClgCS 


SC(SEt)2 + 

2NaCI 

PhSNo 

+ 

CICSCI 


PhS*CSCl + 

NoCI 

PhS'CSCI 

+ 

PhSNo 


PhS*CS*SPh 

+ NoCI 

PhS*CSCI 

+ 

PhONo 


PhS<S‘OPh 

+ NoCI 


The chloride PhS*CSCl is a heavy red oil which reacts with thio- 
phenol, phenol, and amines. Phenyl trithiocarbonate, Ph 2 CS 3 , 
melts at 95.7°, while the oxygen compound, PhaCOa, melts at 
79.5°.^®®®** As the reaction goes in two stages and a different mer¬ 
captan can be employed in the second, the synthesis of a variety 
of mixed trithiocarbonates, RS*CS‘SR', is possible. The difficulty 
of obtaining thiophosgene has limited the exploitation of these 
reactions. As will appear in a following section, mixed trithio¬ 
carbonates can be prepared in other ways. 

The absorption spectrum of ethyl trithiocarbonate shows a 
band which suggests a cyclic structure, a double bond between 
the two thiol sulfur atoms.^®^^ The spectrum of the ester is sim¬ 
ilar to that of the acid but different from that of the salts.^®® The 
absorption spectra of several xanthates, sodium ethyl trithiocar¬ 
bonate, and sodium trithiocarbonate have been compared.^’® Ul¬ 
traviolet and infrared spectra have been used to study the struc¬ 
ture of several trithiocarbonates.^*® 

Methyl trithiocarbonate can be prepared by the reaction of 
dimethyl sulfate on a mixture of carbon disulfide and potassium 
hydroxide.’®* 


Reactions of Alkyl Trithiocarbonates 

Ammonia, in alcohol solution, displaces the mercaptans from 
ethyl and ethylene trithiocarbonates and forms ammonium thio¬ 
cyanate. 

EtgCSg + 2 NHg -» 2 EtSH + NH^SCN 

(•CH2)2CS3 + 2 NHg HSCHgCHgSH + NH4SCN 

The expected product, thiourea, may have rearranged to the more 
stable ammonium thiocyanate.®’^*’ ®’^* i-Butyl trithiocarbonate 
reacts similarly with ammonia.’*®*® With a limited amount of 
ammonia the reaction may stop half way: 

Me2CS3 + NHg MeS<S‘NH2 
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When ethyl trithiocarbonate is heated with aniline to 160°, or 
refluxed with it in alcoholic solution, the mercaptan is dis¬ 
placed : 

SC(SEt)2 -I- 2 PhNHa SC(NHPh)2 -|- 2 EtSH 

With a secondary amine the reaction goes no farther than the 
thiourethane, R 2 N*CS’SR', regardless of the proportions.^^’ 
Boiled with aniline it loses all of its sulfur: 

SC(SMe )2 -I- 3 PhNH 2 PhNH*C(:NPh)‘NHPh -|- 2 MeSH -|- H 2 S 

In alcohol solution the reaction does not go so far.®’^^> 

Heated with potassium sulfide, ethyl trithiocarbonate is de¬ 
composed: 

Et2CS3 -I- K2S -* Et2S -f- K2CS3 

In alcoholic potash, ester interchange and saponification take 
place: 

SC(SEt)2 + KOH -I- EfOH -* EtO‘CO‘SK + 2 EtSH 

Ethylene trithiocarbonate reacts similarly: 

(•CH2S)2CS + KOH -I- EtOH -* EtOCO'SK HSCH 2 CH 2 SH 

By the same reagents phenyl trithiocarbonate is converted to 
potassium xanthate, KS'CS'OEt.^®’ Ethylene trithiocarbonate 
can be oxidised by dilute nitric acid to the dithiocarbonate: 

814c, 1103 


CH2\ 


CHgS 




,cs 


CHoS,, 

I ^ 


CH,S 




CO 


It reacts with hydroxylamine: 

CH 2 S, 


lies 


I ^cs -I- H2NOH -♦ I 




CH 2 S 


CH2S 




CNOH 


With a secondary amine a dithiocarbamyl mercaptan is 
formed: 




I ^CS -I- RaNH 


CHjS 


R2NCSSCH2CH2SH 
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Ethylene trithiocarbonate and ethylene bromide give dithiane 
which is converted into ethylene dithiocarbonate by thiocarbonyl 
bromide: 

CHaS CHjBr 

>s + 

CHgBr 

CH2CH2 CHjS^ 

y + 2SCBr2 + 2 H 2 O -»• 2 CO + 4 HBr 

Ethyl and ethylene trithiocarbonate take up bromine: 

(EtS)2CS + Br2 (EfS)2CSBr2 

Uses 

Ethyl trithiocarbonate and the ethyl sodium salt, EtS‘CS*- 
SNa,^^^ are said to be useful in flotation. Sulfenyl trithiocar- 
bonates have been used as flotation agents.^*** Glycol and glycerol 
esters are said to improve the wet strength of viscose yams.^®^®* 
Derivatives of thiocarbonic acids are claimed as vulcanization 
accelerators.^*®’ They may be used in protein glues.‘® 

Alkylene trithiocarbonates are useful for improving plywood 
adhesives.**^ 

A rather high concentration of methyl trithiocarbonate killed 
only 20% of rice weevils in 24 hours.^*®* Certain trithiocar¬ 
bonates have been used as plant defoliants,®^* and others as pesti¬ 
cides.**®’ 

Trichlorobenzyl trithiocarbonate, (Cl 3 C 6 H 2 CH 2 S) 2 CS, which 
is made by reacting trichlorobenzyl chloride with the sodium salt 
of the acid, is claimed as an addition to lubricating oils to be 
used under extreme pressure conditions.^*®* The trithiocarbonate 
from a-bromostearic acid is a rust inhibitor.^®** Various trithio¬ 
carbonates are useful as lubricating oil additives.**®’ ^®®* Esters 
of thiocarbonic acid have been patented for use in hair waving 
solutions.^*’The thioglycolic acid ester, SC(SCH2C00H)2, 
is among those discussed.^^*’ ''** This ester is also a modifier in 
bulk styrene polymerization.^**® 

Ester Salts of Trithiocarbonic Acid 

Carbon disulfide reacts with potassium mercaptide as it does 
with the alcoholate: *'^^®’ ^**® 
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EtOK + CSg EtO*CS*SK 

EtSK + CS 2 -*■ EtS‘CS*SK 

The acids, RS*CS*SH, are strong but unstable. K for EtS*CS*SH 
is 2.8 X Like the corresponding xanthic acids, the free 

acids decompose readily: 

RS<S*SH RSH + CSg 

Carbon disulfide and sodium hydroxide are added to ethyl 
mercaptan. The excess of carbon disulfide is removed and the 
salt recrystallized from a mixture of alcohol and ether,*^** 
i-Butyl,^^®^** i-butyl,** dodecyl,®*^ and benzyl mercaptans 
react similarly with carbon disulfide and alkali. Ethyl, butyl, or 
other mercaptans, react with carbon disulfide and concentrated 
aqueous alkali.^^"** i-Butyl mercaptan and its homologs up to 
eleven carbon atoms react with carbon disulfide and sodium hy¬ 
droxide in t-propyl ether. These salts are ore flotation agents and 
intermediates for insecticides and therapeutics.^** 

An equimolecular mixture of carbon disulfide and thioglycolic 
acid with an excess of aqueous potassium hydroxide, yields the 
salt KS*CS’SCH2C00K. Chloracetic acid converts this to the 
trithiocarbonate, SCfSCHgCOOHla. The acid EtS-CS-SCHg- 
COOH melts at 76®.’**' A cuprous mercaptide and carbon disul¬ 
fide unite: *” 


CoSR -I- CS 2 -♦ CuS*CS*SR 

Lead trithiocarbonates can be formed from lead mercaptides and 
carbon disulfide.’** 

Methylene mercaptan resulting from the reduction of carbon 
disulfide, reacts with unchanged carbon disulfide and alkali: “** 

CH 2 (SH )2 + 2 CSj -I- 2 NaOH -♦ NoS*CS*SCH 2 S*CS*SNa 

Ethylene trithiocarbonate for flotation is said to be obtained 
from glycol, ethylene chlorhydrin, or chloride, and carbon disul¬ 
fide in the presence of an alkali.***’ ’**’' 

An ester of trithiocarbonic acid is obtained readily by the 
reaction of the alkali ester salt with an alkyl halide: 

EtS*CS*SK + EtBr EtS*CS‘SB 

This is useful for making trithiocarbonic esters in which the two 
alkyls are different: 
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RS*CS*SK + R'Br -*■ RS*CS*SR' 

Thus potassium ethyl trithiocarbonate and ethylene bromide 
react: 

2 EtS*CS«SK H- BrCHgCHgBr -*■ EtS'CS'SCHgCHaS'CS'SEt 

The salt, EtS*CS’SK, gives preciptates of the lead, mercury, 
and silver salts with the ions of these metals. As is the case with 
the xanthate, the copper salt is the cuprous: 

2 CUSO4 H- 4 KS*CS*S& 2 CuS*CS*SEt + EtS*CS*S*S*CS*SEt 

The salts decompose on heating leaving metal sulfides.^’^** The 
lead salt decomposes on standing: 

(BuSCSS) 2 Pb -*■ PbS + (BuS) 2 CS 

The disulfide formed by the reaction with copper sulfate is aiao 
formed by oxidation with iodine or hypochlorous acid.^®* 
Electrolysis of potassium ethyl trithiocarbonate leads to the 
disulfide, EtS*CS*S*CS*SEt, a yellow oil,^^^* With sulfur, mono- 
or dichloride, tri- or tetra-sulfides are formed. The monosulfide, 
(EtSCS)2S, is the product of the reaction of a salt with the 
ester of dithiochloroformic acid.^*®® When heated the sodium salt 
gives off a mixture of oils.®^^ 

The spectra of trithiocarbonate ester salts have been studied.*® 

Phosphorescence or Oxyluminescence of Organic 
Sulfur Compounds 

When the vapors of certain organic sulfur compounds come in 
contact with oxygen, phosphorescent light is emitted. Com¬ 
pounds which contain doubly bound sulfur as in thioncarbonates 
or thion-acetates and thion-phosphates show this phenomenon. 
Some of these are: 

SCCI2, MeO'CSCI, EtO'CSCi, M*CS*OM*, 

M«CS>OPr, i-BuCS*OM«, i-BuCS'OEt, PSCI3, 

EtO'PSCIg, PrO*PSCl2, (M«0)3PS, (EfOgPS, 

(MeO)2PSCI, and (M«0)2PS0M« 

The ester, MeO*CS*SMe, is strongly phosphorescent and the ethyl 
ester, EtO’CS’SMe, is slightly less so while the dimethylurethane, 
MeO*CS*NMe2, is only feebly so.^®* 


MoCS'OEt, 

MeO’PSCIj, 

EtPSCIg, 
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To show this effect it is, of course, necessary for a compound 
to have an appreciable vapor pressure at ordinary temperatures. 
For compounds of a given type the activity decreases as the 
molecular weight increases. The luminosity decreases for the 
following compounds in the order given: 

MeO*CS*SM«, EtO*CS*SM«, MeO*CS*SEt. PrO*CS*SMe, 

EtO*CS*SEt, M* 0 *CS*SPr, MegN'CS'OMe, EtjN'CS'OMe, 

M*2N*CS*0M*, Et2N‘CS*OM*.410“. 410b 

This autoxidation is remarkable in that only a minute propor¬ 
tion of the vapor that is present takes part, even in the presence 
of a large excess of air. It ceases immediately and permanently 
if the mixture is sealed up. A compound that has glowed and 
fumed shows the same phenomenon repeatedly when exposed to 
successive portions of fresh air. The partial pressure of oxygen 
required is different for different compounds, 5 mm. for SCCI 2 or 
MeCS 20 Me, 7 mm. for MeO*CS*SMe, and 25 mm. for Me 2 N*- 
CS'OMe. The oxyluminescence is favored by the presence of 
ammonia and alkalies and hindered by that of ether, acetalde¬ 
hyde, turpentine, acetone, and pyridine. Sulfur dioxide and tri¬ 
oxide are produced.^^^**’ The small extent of the oxidation in 
a confined volume of oxygen was strikingly shown by an experi¬ 
ment in which 1 g. each of MeS*CS‘SMe, MeCS*OEt, SP(OMe) 3 , 
SPCI 3 , Me 2 N*CS*OMe, and MeO*CSCl was sealed up with 30 cc. 
of oxygen or air. After twenty-six years the tubes were opened 
and the disappearance of oxygen determined. This varied from 
none to 8 cc. The maximum amount could not have accounted 
for more than 3% of the compound present.^^^® In the presence 
of two moles of ammonium hydroxide to one of the compound 
the oxidation is rapid and extensive, 70 to 85% for EtO*CS*SEt, 
MeO-CS-SMe, MeO-CS-OMe, MeO-CSCl, and EtO-CSCl. For 
EtO*CS*OEt and SCCI 2 it was slower and only 30% complete.^^®®- 
The whole subject has been reviewed by Delepine.^^^** 

It has been found by others that dimethyl trithiocarbonate 
does not give white fumes if it is pure and dry. The phospho¬ 
rescence is attributed to triboluminescence influenced by mois¬ 
ture and pressure, and it is assumed that saponification precedes 
the fuming.^^®*' 
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Physical Properties of Thiocarbonic Acid Derivatives 

The object is to give physical properties, as far as known, of a 
number of compounds with references to their preparation. No 
claim is made as to completeness. 

As has been said in previous volumes, attention is called to 
the incompleteness and doubtful accuracy of the data and to the 
desirability of more accurate measurements. 

Reference must be made to three general articles: A study 
of spectra at different temperatures of (PhO) 2 CS, (p-MeO- 
C 6 H 40 ) 2 CS, and (PhS) 2 CS,^®^ a survey of the molecular refrac- 
tivity of sulfur compounds, including S2 in xanthates and S3 in 
trithiocarbonates,^®® and a study of refractivities at 20°, densities 
and surface tensions over a range of temperatures and parachors 
of a number of dialkyl xanthates, bond refractions and bond 
parachors and bond-refraction coefficients for a number of links, 
with measurements of refractive indices at 20° for the C, D, F, 
and G lines.^®** 

Acid Chlorides 

MeS-CO-Cl, b. 110°.®« 

EtS-CO-Cl, b. d 16/4 1.184.i«3“ 

i-PrS-CO*Cl, b. 133-5°.i8« 
t-AmS'CO-Cl, b. 190-5°, 193°; d 17.5/4 
PhS-CO-Cl, liq. at -18°; bg 95-7°,®®» bis 104°, 622 150°, 
225-7°; d 1/4 1.285.1®*®*' . 

PhCHgS-CO-Cl, bi 8 133°.i«« 

Chaulmoogryl S-CO-Cl, bi.o 200-3°.®»®* 

MeO-CS-Cl, b. 108°,«i‘‘’ “ii"- "i**- '‘i®*’ d 0/4 1.2975,«i“ d 22/4 
1.2686,«i» d 23.5/4 1.2666; n 23.5/D 1.49828.«®*' 

EtO-CS-Cl, b. 136°,»2’ 128°,“”“- «®*' 127°; i®«* d 0/4 

1.2138,«i» d 15/4 1.1955,‘‘ii‘ 1.195,“!®*’ d 17.5/4 1.1925;“!®*’ 
temp, coef, of thermal decompn. 3.2 at 77-90°, 2.2 at 90-8°.!*® 
PrO*CS*Cl, b. 148-51 °.“!!'‘ 

PhO-CS-Cl, m. -0.5°;!®«®» bo .5 90°,!® bio 91°, b^ 100°; d 17/4 
1.283.!®®®“ 

CioHtO-CS-CI, a-bi3 165-6°; p-m. 77°.!®®® 
2,4,6-Cl3C6H20-CS-Cl, bi2 146-7°.!“®**’ 

MeS-CS-Cl, biB 50-2°.®® 
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EtS-CS-Cl, m. < b^o 90-110°/^i‘> big 74-5°, bi» 

b34 110°,127 100°, b. 240°; die 1.1408 

CiaHasS-CS-Cl, bi _5 176-8°; n 20/D 1.5196.127 
PhS-CS-Cl, bi 5 135°; d 15/4 1.331.i2»5b 

Acid Anhydrides 

(EtOCO) 2 S, oil; 1^22 bgg 118°,^^«« b. 180°;iii« d 20/4 1.123.^««“ 
(EtOCOlsSe, m. 127°.n®"'’ 

EtOCS-S-COOEt, bi 8 133°, bso 149°; d 20/4 1.180; n 20/D 
1.527.'i8«“ 

BuOCSSCOOBu, bi2 120-6°.522 
(MeOCS)2S, m. 56°,i^»« 550 moa. i54oc. 1722 

(EtOCS) 2 S, m. 55°,1540a.l540c. 1099b 540 ^ 173 .% 1796 52.5°,241 52°.1722 

(PrOCS) 2 S, m. 55°; i5i«“- i5i«<=- i72ic bo .5 136 °,i ^22 b 2 _ 2.5 136-8°.i^»« 
(t-PrOCS) 2 S, m. 55°.”2ie 
(i-BuOCS) 2 S, oil; d 22 1 . 126 . 1^22 
(HexOCS) 2 S, n 25/D 1.5410.2« 

(c-HexOCS)2S, m. 78°.i^»« 

(PhCH 20 CS) 2 S, m. 82.5°.24i-17»« 

(menthylOCS) 2 S, m. 149 °; 2»7«. 1575 ^ 1430 ; [«]„ +46.42.2»8' 

(Et 0 CH 2 CH 20 CS) 2 S, n 25.5/D 1.15561 .211 
PhC(:NPh)S-CS-OEt, m. 98.5°.2»5c 
PhC(:NPh)S-CS-OCH 2 Ph, m. 73°.2»5« 

PhC(:NPh)S-CS-0 menthyl, m. 106°.2»«« 

PhC(:NPh)S*CS-0 bornyl, m. 88°,2»5« 117°.ii87 
PhC(:NPh)S-CS-0 fenchyl, m. 85°.2»5c 
PhC(:NCoH 4 Me-o)S*CS-OEt, m. 77 °. 2 » 5 c 
PhC(:NCioH 7 )S-CS*OEt, a-m. 142°; (3-m. 124°.i8«« 
PhC(:Npseudocumyl)S-CS-OEt, m. 97 °. 2 » 5 c 
(EtO) 2 PS-S-CS*OEt, bi 85-7°.” 

Dixanthogens 

(MeOCSS) 2 , m. 23 . 5 °,2i3'>, 241 23 °, 529 . 1795 b bo.i 90-4°,2i3b b. 
122 °,i 327 c 154 °; 1791 j 1.180,1827c 1.17 1791 j 30/4 1.3807; n 30/D 
1.6715; MR 58.20.52» 

(EtOCSS) 2 , m. 32.5°2i3‘> 32°,529.1393 28°; i”. 1210,1530,1795a b^g 
107_9°,2i3b b. 210°, 210-2°; dig 1.0703,”55<i d 24.8/4 1.26043,“ 155 
dgo 1.265; ”»5a. 1795b n 24.8/D 1.62417.1155 
(ProOCSS) 2 , b. 117°; d 1.087,i827c d 26.2/4 1.1966; “i55.1210 n 
26.2/D 1.60037.1155.1210 
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(i-PrOCSS) 2 , m. 57°;33ib. 332 . 520 dipole moment 3.83 
(i-BuOCSS) 2 , b. 165“; d 1.080.i327c 
(t-BuOCSS) 2 , m. 58“.3«« 

(AmOCSS) 2 , b. 158“; d 1.007.»327c 
(i-AmOCSS) 2 , b. 187“.‘‘2» 

(HexOCSS) 2 , bs 170-5“; n 25/D 1.5569.2« 

(Neopentyl OCSS) 2 , m. 68.5“.s"® 

{PhCH 20 CSS) 2 , m. 56.5“2i3b 54.5»24i 540 . 1795 c ^ i.218.»327c 
(PhCH 2 CH 20 CSS) 2 , m. 50“ 49.5 

(p-MeC 6 H 40 CSS) 2 , m. 72“.2i3b 
{p-ClC 6 H 40 CSS) 2 , m. 91 

(menthyl OCSS) 2 , d m. 92.5“; l m. 93“; MR -1069.9 (CeH«), 
-1337.6 (EtOAc).2»T« 

(bornyl OCSS) 2 , d m. 83“; [o]i, -|-43.79; l m. 83“; [a]i, -|-44.12; 
i-m. 82“.2»7b 

( 6 -Me-bornyl OCSS) 2 , m. 90.7“.2»« 

{Me 0 CH 2 CH 20 CSS) 2 , d 20/4 1.2891; n 20/D 1.5025; MR 
80.37.“» 

(Et 0 CH 2 CH 20 CSS) 2 , n 25/D 1.575.2« 

(EtOCSS) 2 S 2 , m. 42 “.i 5»9 
(EtOCSS) 2 CS, m. 160“ dec.^^^® 

(MeSCSS) 2 S 02 , m. 98“.‘«® 

Acids and Salts 

(MeO-CO-S) 2 Hg, m. 93.5 
(EtO-CO-S) 2 Hg, m. 65“.«»‘> 

EtO-CO-SeH, m. 123“.“«‘>‘> 

2-Naphthalene-l-thiolcarbonate, m. 106“.^®®^ 

MeS-CO-SK, di 6.2 1.7002.®®^ 

EtS-CO-SK, di8.2 1.5564, d2i.6 1.5576, d2i 1.558.®®^ 
i-BuS-CO-SK, die 1.3718, d^.s 1.3832.®®^ 

MeO-CS-SH, dissoc. const. 0.034,'^®® K salt, m. 182-6; i^®® 102- 
4“; 1212 di 5.2 1.7002,1.6754; ®®t As salt, m. 130-50“; i®®^' Cr salt, 
m. 152“; «®® Au salt, m. about 160 “; *23b Hg salt, m. 137“; *^®'» 
MeHg salt, m. 59“;®®^ Mo salt, m. 108“,2«® 100-20“ dec.; i®®^® 
Pd salt, m. 140“ dec.; p-MeOC«H 4 Te salt, m. 78“.®»i“ 
EtO*CS*SH, m. about -53“; ’®* dissoc. const., 0.030,^®® 0.028; 

K salt, m. 226“;!^®® di 8.2 1.5564, dai 1.558, d 2 i .6 1.5576;®®^ 
As salt, m. 94.8“; 1 ®®® Bi salt, m. 106“; *^®® Co salt, m. 119“,«« 
117“;47®a gait^ 2 forms I oil, b. 112“, II platelets, m. 
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72 »; 1372b Au salt, m. 168 °; MeHg salt, m. 69°; EtHg salt, 
m. 53°; PrHg salt, m. 39°; Mo salt, 118 . 5 °,i®» 2 b io8° dec.; 

Ni salt, m. 137°,«"‘> 135°; «« Pd salt, m. 152 °; pt salt, m. 
130°; Ag salt, solubility product, 3.5 X 10“^^.^^*^ 
PrO-CS-SH, guanidine salt, m. 113°;“"® K salt, m. 233-9° 
217°; 1212 As salt, m. 42°; i"« 2 c Qq g^lt, m. 60°; «« Mo salt, m. 
89-91°; i"» 2 b Ni salt, m. 103°; «« Pd salt, m. 127°; Au salt, 
m. 167°.'‘231- 

i-PrO*CS-SH, K salt, m. 278-82°; solubility in acetone 6 . 0 %; i*»3 
Co salt, m. 159°;^!® Au salt, m. 165°.^23b 
BuO-CS-SH, K salt, m. 255-65As salt, in. 38°; i®» 2 c Mo salt, 
m. 75 °; i®» 2 b ^i salt, m. 89°;«« Au salt, m. 162-4°.*23b 
i-BuO*CS-SH, K salt, m. 260-70°; di 4.6 1.3832, di 5 1 . 3713 ; 30^ 

As salt, m. 60°;‘^®3 Co salt, m. 110°;^‘® Mo salt, m. 
107 , 5 °; 1092b Ni salt, m. 119°;"® Au salt, m. about 162°.®23b 
i-AmO'CS*SH, K salt, m. 260 - 70 ° ;‘^®3 nIo salt, m. 121 °;i®* 2 b 
Ni salt, m. 91°.^‘® 

c-HexO*CS*SH, As salt, m. 170° dec.;^®®2« Mo salt, m. 121° 

dec.io»2b 

CisHstO-CS-SK, m. 206°.127 

PhCHzO-CS-SH, m. 29°;i®3 k salt, m. 180°;ii®3 pd gait, m. 

135° 213d 

H0CH2CH20*CS'SK, m. 200-5°; solubility in acetone, 0.1%.ii®® 
Me 0 CH 2 CH 20 -CS-SK, m. 216°.“»® 

Et0CH2CH20’CS*SK, m. 193-6°; solubility in acetone, 1.5%.i^®® 

Ph0CH2CH20-CS*SK, m. 178°.«»3 

2.4- Cl 2 CeH 30 CH 2 CH 20 -CS-SK, m. 178°.®« 
p-ClC 6 H 40 CH 2 CHMe 0 -CS-SK, m. 222°. 
4 , 2 -ClMeC 6 H 30 CH 2 CHMe 0 -CS-SK, m. 193-5°.®ii 
2,4,5-Cl3CeH20CH2CHMe0*CS-SK, m. 174°.®« 
H 0 CH 2 CH 20 CH 2 CH 20 *CS*SK, m. 208°; solubility in acetone 

0.4% .1^3 

Me0CH2CH20CH2CH20*CS*SK, m. 145°; solubility in acetone 

5%.“33 

2.4- Cl 2 C 6 H 30 CH 2 CH 20 CH 2 CH 20 -CS-SK, m. 167-90°.®^i 
p-ClCeH 40 CH 2 CH 2 CH 20 CH 2 CH 2 CH 20 -CS-SK, m. 162-75°.®ii 

2.4- Cl 2 C«H 40 CH 2 CH 2 CH 20 CH 2 CH 2 CH 20 -CS-SK, m. 172-8°.®« 
H0CH2CH20CH2CH20CH2CH20*CS'SK, m. 205°; solubility in 

acetone, 0.2%.“®® 

(CH2CH2CH2CH2CH20*CS-SK)2, m. 290°.127 
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K xanthate of triethanol amine, m. 214°; solubility in acetone, 

HS-CS-SH, m. -30.5°; d 17/4 1.47; parachor 197.3.“«« 
EtS-CS-SH, dissoc. const. 2.8 X lO-^;”® K salt, m. 88.3°.'‘’‘» 

Esters of Monothioacids 
Thiol Esters 

MeS-CO-OMe, b. 121°,«o‘> 120°;«5‘> d 0/4 1.1452,««•» d 21/4 
1.120,'‘«i*> d 21.5/4 1.1203,«®** d 23/4 1.1186; n 23/D 
1.45242.^1®**’ ^i®*> 

EtS-CO-OEt, b. 156°,i«2b i53_5O;750 ^ 18/4 1.0285,i2o» d 
18-19/4 1.0330,'“*® d 19/4 1.0285 ;i« 2 b ^ 18-19/D 2.4601,^‘*« n 
18.2/D 1.4513,1^®® n 20/D 1.4513; molecular refractivity 
35 . 13 . 131 ® 

EtS-CO-OCHaCHMez, bi 190^5°; d 20/4 0.9936; i^®®** n 18/D 
1.4513.12®® 

EtS-CO-OCioH7-^, m. 127°.i®«^ 

1- BuS-CO-OEt, b. 190-3°; d 10/4 0.9935.12®®** 

PhS-CO-OEt, m. 6°; b 74 o 253°, bie 130°, bao 135°.i®«®** 
PhS-CO-OPh, m. 56°,!®®®** 57°.i4®®'‘ 

PhS-CO-OCeH 4 NMe 2 , m. 84°; MeBr, m. 85-98°.i»® 
PhCH 2 S-CO-OC 6 H 4 NMe 2 , MeBr, m. 149°.i»® 
p-MeC 6 H 4 S*CO-OC 6 H 4 Me-p, m. 109°.i«®i 
PhCOCHaS-CO-OEt, bi.a 152°; d 15/4 1.1948; n 15/D 1.554.®" 
EtOOCCH:CMeS-CO-OEt, bn 14a-50°.i^®« 

2- Benzoxazolyl S*CO*OM.e, m. 141°.®®® 

OCDCSS, o, m. 26°; bae 93-6°.®®2 

H0RS*C0*6, resorcinol, m. 158°; ®®®’ n®" phloroglucinol, m. 

jgjo 1708b 

COfCHaS-CO-OEtla, m. 46°.!^®®“ 

(PhS-CO-OCHaCHslaO, d 20/4 1.248; n 20/D 1.5780.'*®® 
l, 2 -Me 2 CeH 2 (S*CO*OH)2-3,5, Me ester, bi 4 162°; Et ester, bn 
206-9°.12®® 


Thion Esters 

(MeOlaCS, b. 120°,'*!®“’'ll®®’'‘i^® n 90 j 4 i 6 b j o/4 1.13065,"®® d 
15/4 1.1054,'*!®® d 17.4/4 1.1078,'*!®“ d 24/4 1.1028,'ll®® d 24/4 
1.103;"®® n 15/D 1.46032,"®“-"®® n 24/D 1.45962."®®’"®® 
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(EtO)2CS, b. 161.5°/3i8 162®; ^,0 1.032,d 19/19 

1.031,d 19/4 1.031,120# 1.0325 i«2b j 17.5/4 i.0267,«'«> d 

18.2/4 1.0310; n 17.5/D 1.46012,««‘’ n 18.2/D 1.46010,««‘»> 

n 19/D 1.4610.120® 

(PhOaCS, m. 106®; ^2. 4oi 5 336.40®.“®! 

(p-MeCeH40)2CS, m. 136®.!“®“ 

(Me2C6H30)2CS, 2,4, m. 77.5®; 2.6 m. 112®.!* 

(ClCeH^OzCS, 0, m. 84.5®; p, m. 158.5®.“* 

(2,4-Cl2C6H30)2CS, m. 94.5®.“* 

(p-BrC6H40)2CS, m. 175®.“* 

(p-N 02C6H40)2CS, m. 197®.!* 

(Me0C6H40)2CS, o, m. 69.5®; p, m. 162®.“* 

(P-CioHtOzCS, m. 212®. 

MeO-CS-OEt, d 18/4 1.0643; n 18/D 1.45812.“!5‘> 

EtO-CS-OPh, m. -17®; bi2 124®, bi7 130®; d 15/4 1.135.!*««« 

EtO-CS-OCioH7-p, m. 67®.“*** 

p-MeC6H40*CS-0Ph, m. 136®.“* 

p-CioH 70 -CS-OPh, m. 143®.“* 

p-ClCeH 40 -CS-OPh, m. 126®.“* 

p-N 02 C 6 H 40 -CS- 0 Ph, m. 182®.“* 

p-Me0C6H40-CS-0Ph, m. 104®.“* 

o-02NC6H40-CS*OC«H3Me2, 2,6-m. 81®.“* 

bis -(Me 3,4-0-isopropylidene-p-D-arabinopyranoside)-2-thion- 

carbonate, m. 211.5®.®*^ 
tetramethylene thioncarbonate, m. 156®.®** 


Dithiocarbonic Acids 
Dithiol Esters 

(MeS) 2 CO, b. 169®,“!“!’’“!®!'-“!!-!“®® 168®;“®**! d 1.20,““! d 17.5/4 
1.191; n 17.5/D 1.55042.““®!’ 

(EtS) 2 CO, bi» 85-7®,!!!*“ b. l%°,408b. 410b. 1412b 1970 1460 1940 416b 

191®;!“*® d 19/4 1.085,!2®9> 1212 b d 23/23 1.084; i“®® n 18.2/D 
1.5237,!!*® n 19/D 1.5168,!*®® n 20/D 1.5237.““®'’-“2®* 
(i-AmS) 2 CO, b. 181®.!“®® 

(PhSlaCO, m. 44®,*®» 43.5®,““®! 43®,“*“* 41®.“*®®!’ 

(PhCHaSlaCO, bo.i 166-72®.2!*« 

(PhaCHSlaCO, m. 135.8®.!““® 

(P-CioH 7S)2CO, m. 131®.!* 
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(PhCOCH 2 S) 2 CO, m. 98“ 

C 0 (SCH 2 C 00 H) 2 , m. 156.6°,156°;’««« electrical conductiv¬ 
ity n* 378°; K = 0.156° Et ester, m. 49.2°, 490 . 786 . 
C 0 (SCH 2 CH 2 C 00 H) 2 , m. 116°, 109°.“^o 
Ethylene dithiolcarbonate, m. 39°;^^** 31°.*^^° 

S-CeH 4 -C«H 4 S-CO. 0 , 0 '-, m. 101.5°.«« 

MeS-CO'SAm-i, b. 140 °.i ^«2 
MeS-CO-SCH 2 CH 2 NH 2 , HCl, m. 

MeS-CO-SC 6 H 7 Me 4 - 2 , 2 , 6 , 6 , m. 56.5°; bi« 158°; d 20/4 1.0608; 
n 20/D 1.5363.»^3 

MeS-CO-S fenchyl, 620 171-3°; [a] 24/D -24.64 .»t 3 
EtS*CO-SCeH 7 Me 4 - 2 , 2 , 6 , 6 , bio 167-9°; d 20/4 1.0305; n 20/D 

1.5264.»T3 

PrS-CO-SCeH 4 Me 4 - 2 ,2,6,6, bio 163-6°; d 20/4 1.0239; n 20/D 

1.5241 

i-PrS-CO-SCeH 4 Me 4 - 2 , 2 , 6 , 6 , bio 171-3°; d 20/4 1.0114; n 20/D 

l . 5205.»78 

PhCH 2 S-CO-SCHMeNH 2 , HCl, m. 123°.3 m 
P hCH 2 S*CO-SCH 2 CH 2 NH 2 , HCl, m. 179°; formyl, m. 94°; Ac., 

m. 83°.354 

PhCH 2 S-CO-SCH 2 CeH 4 Cl-p, m. 67.5°.2i3a 
PhCH 2 S-CO-SCH 2 C«H 4 Me-p, m. 65°.2i3« 
Ph 2 CHS-CO*SCH 2 COOH, m. 130.6°.ii^o 
Me diacetone glucosyl-dithiolcarbonate, m. 142°.®^* 


Xanthic Esters 


MeO-CS-SR 


Methyl-, b. 167°,i®®- 168°,®3«- 170 - 2 °, 22 ^ b 2 o 65°, 

b64 89°;213« d 0/4 1.2030,«0'‘ d^ 1.143,227 d 16/4 1.1860,'“®‘> 
d 18/4 1.174,i^i®‘> d 18/4 1.184 d 25/4 1.1189; n 16/D 
1.57069,««'‘ 1.57039,«5‘> n 25/D 1.5462.‘‘9« 

Ethyl-, b. 184°,®8»- d 15/4 1.1330,«®‘> dis 1.12; ^ 15 /j) 

1.55397.«®'> 

Propyl-, b. 201-3°; d 0/4 1.10735, d 15/4 1.0931,«o« d 16.5/4 
1.0917, d 20/4 1.0845, d 24.8/4 1.0841; n 16.5/D 
1.54045,n 20/D 1.53789, n 24.8/D 1.53554.‘‘i®'> 
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MegCCHMe-, b. 116-9”, be 85-7°; d 20/4 1.0255; n 20/D 
1.5242.«^» 

EtCMeaCHMe-, b. 142-5°, hs 110-2°; d 20/4 1.0235; n 20/D 
1.5250.14^0 

MesCCHEt-, b. 132-5°, bs 92.5°; d 20/4 1.0014; n 20/D 

1.5206.1470 

EtCMeaCHEt-, b. 156-60°, bs 118-20°; d 20/4 1.0160; n 20/D 

1.5210.1470 

MesCCHPr-, b. 151-5°, bs 112-4°; d 20/4 0.9950; n 20/D 

1.5122.1470 

Allyl-, bi5 75-90°.200 

HOOCCH2-, m. 38°; Et ester, bsa 158°; d 20/4 1.225; n 20/D 
1.535;’80“ amide, m. 119°.i«84 
EtOOCNHCOCHa-, m. 93°.o’8 
NH2CONHCOCH2-, m. 171°.o’8 
MeNHCONHCOCHa-, m. 176°.o’8 
p-C6H4(CH2SCS0Me)2, m. 91°.i’»oo 

EtOCS-SR 

Methyl-, b. 184°,i4i3i> 182°,i3o I79°,27i« I78°,»’4b b748.4 181.6- 
3.6°; 1210 dll 1.123,27i« d 18/4 1.127,i4i3i* d 20/4 1.1205,»’4i> 
d 25/4 1.11892,1210 1.1189; 4i5b. 496 ^ ly.g/D 1.4945,o’4b ^ 20/D 
1.4846,»’4b n 25/D 1.54619,i2io 1.5462,4«« 1.54616.4i5o 
Ethyl-, b. 200°,4oic. 4i5b. i4i2b, 1425 198.6-200.1°,1210 bis 78°; 2i3« 

d 1.07,4010 di9 1.085,1412b d 18.2/4 1.085,4i5b d 18-19/4 1.0850,4»8 
d 26.8/4 1.07400; 415b, 1210 ^ 18-19/D 1.5370,4«8 n 18.2/D 
1.53 70,415.1730 n 26.8/D 1.53224.4i5b. 1210 
EtCHMeCH2-, d 20/4 1.0184, [ajo -{-15.02; molecular refrac- 
tivity 428.8.205a 
C1SH37-, m. 42°.i27 
c-Hexyl-, bi# 150-3°.io8 

Benzyl-, bg 143°,45« b4 145-7°; n 30/D 1.5952.452 
PhCHaCHa-, bg.s 166-9°.452 
PhCOCH2-, m. 32°.875 

MeOCH2CH2CH:CHCH2-, bi2 161-2°; d 20/4 1.0676; n 20/D 
1 . 5315.1810 

EtaNCHaCHa-, bas 160-8°.i8i5 

1-piperidyl CHaCHa-, bio 190°.i8i5 

2.5- HO(OaN)C6H3CHa-, m. 110°.o2i 
5,2,3-Cl(Ac0)02NC«HaCHa-, m. 80°.021 

3.2.5- Me(HO)OaNC6HaCHa-, m. 186°.02i 




Thiocarbonic Acids and Derivations 


189 


EtO-CS-SCHaCOOH, m. “i* Me ester, 

154°; T8«« d 20/4 1.218; n 20/D 1.535; ^88“ Et ester, Kac. 165°,28^ 
bao 157°; d 20/4 1.179; n 20/D 1.523; 786a amide, m. 114 °; 7884 
anilide, m. 92°.7»2 

EtO-CS-SCHaCONHCOOEt, m. 104°.878 
EtO-CS-SCHaCONHCONHa, m. 178°.»78 
EtO-CS-SCHaCONHCONHMe, m. 185°.»78 
EtO-CS‘SCHMeCOOH, m. 50°,77<'» 490 . 786 a + 38 . 5 ; 

D m. 71°; [a]- 91 . 1 ; 872b + 55 . 5 + molecular refraction 

+107.68; 7066 L m. 70.5°; fa]^^ 92; 872b ^a salt, [a]i« +20.86; 
molecular refraction +45.08.7oo5 
EtO-CS-SCHaCHaCOOH, m. 71°,786a 66°.774b 
EtO-CS-SCHEtCOOH, m. 55°,774b 60 . 5 °; 872a ^ m. 32°; [a]f>8 
-92.9; L m. 32°; [a] 92.8.672a 

EtO-CS-S(CH 2 )ioCOOH, m. 49°,877 38°,727 88° dec.; 78 dodecyl- 
thio ester, m. 44°; decamethylene dithio ester, m. 49°; gly- 
ceroltriester, m. 45°.7^7 
EtO-CS-SCHPhCOOH, m. 90.5 
EtO-CS*SCH(CHaPh)COOH, m. 90°.777 

EtO-CS-SCH(COOH)CHaCOOH, m. 150.5°,787c 149°;7m*» l m. 
131°; [a]D -94.8,7886 _ 92 . 6 »; 787c 30.6 at 11-2°; 8.3 at 25°; 

-13.8 at 40-40.1°; 789a d m. 131°; [a] ^7 + 99 . 2 °; 788d 
+38.92; molecular refractivity +95.05; 7«o6 mono Na salt, 
[“]d* +16.87; molecular refraction, +43.86; di Na salt, [a]|,® 
+3.07; molecular refraction, +8.65.7oo5 
EtO-CS-SCH(COOH)CH 2 CONHa, m. 138°; [a]o +65.6°; 787c 
L m. 135°; [a] 7^0 -53.4; d m. 133°; [a]i>7 52.9.7»7 
EtO-CS-SCHaCHO, m. 112°.67» 

EtO*CS*S acetyl glyceraldehyde, m. 143°.®7o 
EtO*CS*S-D-glucose, m. 92.8°; [a] §>-50.5; tetraacetyl compound, 
m. 89°; [a]g> +30.8.7«6 

EtO*CS*S triacetyl xylose, m. 106°; [a]^ 17.30 (CHCla).*!® 
(EtO-CS*SCHa)a, m. 42°,7699b 4101796 c 
EtO-CS-SCHaCHMeS-CS-OEt, d 20/4 1.1467.7«5‘o 
EtO-CS-SCHaCMeaS-CS-OEt, d 15/4 1.2486.7«27 
(EtO-CS*SCHa) 2 CH 2 , d 0/0 1.238,7586b d 20/4 1.1467,7«2o d 25/0 

1.2146.7686b 

(EtO-CS-SCH2CH2)2CH2, d 0/0 1.158.7686b 
(EtO-CS-SCH2CH2CH2*)2, m. 35°.727 
(EtO-CS-SCHaCHOa, d 20/4 1.1829.7«2o 
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(EtO-CS-SCH2)2CO, m. 

[EtO*CS-SCH(COOH)CH 2 ] 2 CH 2 , m. 
p-(EtO*CS-SCH 2 ) 2 C 6 H 4 , m. 

PrO-CS-OR 

Methyl-, b. 201-3.1",b 749 202.1-3.6",i2i« b748.93 202.1-3.6"; 
d 0/4 1.10390, d 16/4 1.0883,d 20/4 1.0845,d 24.8/4 
1.08409,1210 1.0841; “»« n 24.8/D L53554,«5b. mo 1.5355/06 

n 20/D 1.53789.«««-US'* 

Ethyl-, b749 215.6-7.6",i2io b748.93 215.6-7.6"; 1125 ^ 26.1/4 
1.05054; 1210 n 26.5/D 1.5264,i»« n 26.1/D 1.52636,ii5«>. 1210 d 
26.5/4 1.0505.i»« 

EtOOCNHCOCH2-, m. 94".o78 
H 2 NCONHCOCH 2 -, m. 169".-8 
MeNHCONHCOCH 2 -, m. 176".”® 

t-PrO-CS*SMe, 65 65^", bas 86-9", 6729 175-9"; d 20/4 1.0777; 

n 21/D 1.5372.iii«'> 
p-(PrO-CS-SCH2)2CeH4, m. 82".ii»o‘» 

C 4 H» 0 ‘CS-SR 

Bu0-CS-SCH2CH:CHCH2CH20Me, bio 170.8"; d2o 1.0400; n 
20/D 1.5220.1218 

(BuO-CS-SCH 2*)2, d 20/4 1.1214; n 20/D 1.5521.ii»«« 
p-BuO-CS-SCH2)2C6H4, m. 50".ii»'‘'> 
r-BuO-CS-SEt, b. 227-8"; di7 1.003.i203« 
i-BuO*CS-Si-Bu, b. 247-50"; di2 1.009.i203« 
r-BuO’CS’Si-Am, b. 265-70" with decomposition. 1203® 
p-(i-BuO-CS-SCH2)2C6H4, m. 50".i’»»‘> 
t-BuOCSSMe, bo 85-7"; d 20/4 1.0255; n 20/D 1.5242.iii« 
t-BuOCSSEt, bs 92.5"; d 20/4 1.0014; n 20/D 1.5206.ii’« 
t-BuOCSSPr, bo 112-4"; d 20/4 0.9950; n 20/D 1.5122.iiio 

CgHiiO-CS-OR 

AmO-CS-SMe, bio 108.5"; d 20/4 1.040; n 20/D 1.5247.ii27 
Am0-CS-SCH2C6H3(N02)OH-5,2, m. 180".52i 
r-AmO-CS-SMe, bi„ 103"; d 20/4 1.036; n 20/D 1.5230.112’ 
r-AmO-CS-SAm-i, b. 265-70°.i2«3a 

(iAmO-CS-SCH 2 -) 2 , m. 35°; d 20/4 1.1320; n 20/D 1.5610.ii»5* 
(iAmO-CS-SCH2)2CH2, oiI.»«« 

(iAmO-CS-SCH2CH2*)2, m. 9".»8« 
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(lAmO-CS-SCHgCHOa, m. 
p-(iAmO-CS-SCH2)2CeH4, m. 49^l7‘«^'> 

MeEtCHCH20-CS-SEt, d 20/4 1.0167; [ajo + 6 . 32 “; 295 . j^oiec- 
ular refractivity +12.12.^®* 

Me3CCH20CSSCH2C00H, m. 61“; amide, m. 92“; Me amide, 
m. 50“; di me amide, m. 59“.*®® 

NAmO-CS-SMe, bg 110-2“; d 20/4 1.0235; n 20/D 1.5250.^^^® 
e-AmO-CS-SEt, bg 118-20“; d 20/4 1.0160; n 20/D 1.5210.i^’® 

Higher Alkyl Xanthates 

MeaCCHMeOCSSMe, bi 2 100“; d 18/4 1.0228.®®^ 
p-(OctO-CS-SCH 2 ) 2 C«H 4 , m. 50“.”*®® 
p-(i-OctO-CS-SCH 2 ) 2 CeH 4 , m. 51“.”*®® 
p-(NonO-CS*SCH 2 ) 2 C 6 H 4 , m. 41 
Me3CCH(CMe3)0-CS-SMe, m. 41“; bao 141-3“.*’* 
p-(DecO-CS'SCH 2 ) 2 CeH 4 , m. 50“."*®® 

CieHaaO-CS-SMe, m. 28.5“.’««* 

CigHarO-CS-SMe, m. 39“.’««2 
CigHarO-CS-SEt, 39“.!*’ 

CigHarO-CS-SCigHaT, m. 54.5“.i*’ 

CigHarO-CS-SCHaPh, ba 160“.’*’ 

CigH 370 *CS*S(CH 2 )ioCOOH, m. 78“; dodecyl thioester, m. 55“; 
decamethylene dithiol ester, m. 70“; glycerol triester, m. 
66.5“.’*’ 

[CigH 370 -CS-SCH 2 (CH 2 ) 4 CH 2 -] 2 , m. 56“.’*’ 
c-HexylO-CS-SCH 2 COOH, m. 45“; amide, m. 74.5“.’*** 
(c-HexylO-CS-SCH 2 -) 2 , m. 75“.”*®' 
p-(c-HexylO-CS-SCH 2 ) 2 CeH 4 , m. 59“.”*®® 

2-MeCeHioO-CS-SMe, big 149-51“; d 15/4 1.083, d 20/4 1.0805; 

[a]D -29.08, -29.5.”®« 
c-Hexyl CHaO-CS-SMe, m. 165“,’® 17“.’««* 

2.2.6.6- Me 4 CeH 70 -CS-SMe, m. 60.5“; b^ 150-2“; d 20/4 1.0531; 
n 20/D 1.5355.*’* 

2.2.6.6- Me 4 C«H 70 -CS-SEt, bio 160“; d 20/4 1.0175; n 20/D 
1.5305.*’* 

2.2.6.6- Me 4 CoH 70 -CS-SPr, bio 158“; d 20/4 1.0169; n 20/D 
1.5264.*’* 

2.2.6.6- Me 4 CeH 70 -CS-SPr-t, bio 161-3“; d 20/4 1.0078; n 20/D 
1.5250.*’* 

2-PhC6HioO*CS*SMe, cis m. 50“; trans oil.’® 
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Allyl 0-CS-SMe, b. 200-3°; d24 1.1214.1243 
Allyl 0-CS-SEt, b. 210-2°; das 1.0690.1243 
Allyl 0-CS-S allyl, b. 221~3°.i2« 

PhO-CS-SPh, m. 51°.i38S“ 

p-MeCaH40-CS-SCH2Ph, m. 39.5°; bo.i 174-8°.2i3« 
PhCHaO-CS-SMe, m. 29.5°.i«82 
PhCHaO-CS-SCHaPh, m. 42°; bo.a 176°.»»« 
PhCHaO-CS'SCPh.NPh, m. 7^?^^ 
PhCH20-CS-SCH2C6H4Me-p, m. 63°.2i3a 
PhCH20-CS*SCH2CaH4Cl-p, m. 63.5°.2i3« 
PhCHaO’CS’SCHaCOPh, m. 76.5°; 2,4-dinitrophenylhydrazone, 
m. 181°.'‘«2 

PhCHaO'CS’SCHPhCOPh, m. 129°; 2,4-dinitrophenylhydrazone, 
m. 172°.«2 

PhCHaO-CS-SCHaCOCHaPh, m. 78°.«2 
PhCHaO-CS-SCHaCONHCONHz, m. 165°.»"« 
PhCHaO-CS-SCHaCONHCONHMe, m. 190°.5"8 
(PhCH20-CS-SCH2-)2, d 20/4 1.1818; n 20/D 1.6160.”»®° 
(PhCH20-CS-SCH2)2CH2, m. 62°.»»« 

(PhCH20-CS-SCH2CH2*)2, m. 71°.»»« 

(PhCHaO-CS'SCHaCHOa, m. 60°.»»« 
p-(PhCH20*CS-SCH2)2C8H4, m. 59°.i"»5b 
p-ClCaH4CH20-CS-SCH2Ph, m. 49°; bo.i 186-91 °.2i3« 
(PhCH2CH20-CS-SCH2*)2, m. 86°."«5c 
p-(PhCH 2 CH 20 -CS-SCH 2 ) 2 C 8 H 4 , m. 68°.”»»‘' 
MePhCHCHMeO-CS-SMe, m. 78°; [a]f? 0.68.»i» 
(•CH2CH20-CS-SCH2Ph)2, m. 76°. 

[•(CH2)50-CS-SEt]2, m. 50°.i27 
[•(CH2)50 -CS-SCi 8H37], m. 54°.i27 
HOOCCHaO-CS-SEt, m. 78°; 378; K = 0.212.’»8‘= 

HOOCCHaO-CS-SCHaCOPh, m. 107°; Me ester, m. 76°.«i« 
HOOCCHaO-CS-SCHaCOOH, m. 136°;Et ester, m. 

35 786a 

HOOCCHaO-CS-SCHaCONHa, m. 142°,130°.« 
(H00CCH20-CS-SCH2)2C0, m. 181°.i^«2“ 
HOOCCHMeO-CS'SEt, active, m. 64°; d m. 36.7°; [a]n -9.7°; 
solubility in water at 20°, 6.37 gm./liter; i*®!* dl m. 74°,^*®'* 
72°; solubility in water at 20°, 3.67 gm./liter, 
HOOCCHEtO'CS'SEt, d m. 32°; l m. 31.5°; racemic, Et ester, 
m. 59°,®"3 
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H00CCH2CH(C00H)0-CS-SEt, m. 151°; [a] i? 28.2, [a] g-' 

36.6; solubility in water at 25°, 24.98 gm./liter. 

Bomyl 0-CS-SMe, m. 57°; 1294 l or d m. 57°; l [ a ] r > -33.38, 
(CeHe); ^1.55 (EtOAc); d [ a]v +33.69 (CeHe), 41.45 
(EtOAc); racemic, m. 29°; d 20/4 1.0923; n 20/D 1.54829.2»7‘> 
Bomyl 0‘CS‘SEt, 53°,^® l or d m. 53°; [a]D ±33.15 (toluene); 
racemic, m. 29°. 

Menthyl 0*CS‘SMe, m. 39°; molecular refractivity, 

-195.5 (CeHe), -198.6 (CHCls).^®’* 

Menthyl 0-CS-SEt, m. 9°; d 21/4 1.0192; n 21/D 1.52761.2®’“ 
Menthyl O-CS-SCHaCONHa, m. 98.9°.’®® 

DL-Fenchyl 0-CS-SMe, m. -18°; bie 156-60°; d 20/4 1.5756; 
n20/D 1.54296; [o]g>-117.4;’®2® [o] -138.28,*’® molecular 

refractivity 71.60.’*®® 

Thujyl 0-CS-SMe, d 20/4 1.0569; n 20/D 1.53572.®®’® 
Pinocamphyl 0-CS-SMe, m. 61°.®®® 

P-pericyclo-camphanyl 0-CS-SMe, m. 51°.’*’ 

Me glucoside 0-CS-SMe, two isomers, o [oJd® ® 122.7; p m. 159°; 
[o]f® -5.01.’®®® 

Me-diacetoneglucose-3-Xanthate, m. 61°; bi 156-62°.®’® 

Me 3,4-0-i-propylidene-P-arabinopyranoside 0-CS-SMe, D m. 
120°; [o]^ -217°; L m. 121° [o]g®210;”®® corresponding 
PhsCS-ester, L m. 171°; 54°.”®* 

Me 4,6-0-benzylidene-3-0-Me-o-D-altropyranoside 0-CS-SMe, 
m. 115?.”®* 

2-oxo-2-cholestanyl 0-CS-SEt, m. 118°; [ojg* -64.5.“®® 
cholesteryl 0-CS-SMe, m. 128°; [ajo -53;’®“® m. 126° [o]d 

—39°. 2*9 

cholesteryl 0-CS-SEt, m. 144°; [o]d ^2.’®“® 
cholesteryl O-CS-SCHzPh, m. 143° [ a]v -30.’®“® 
cholesteryl 0-CS-SCH2CeH4Cl-p, m. 142.5°; [ a]v - 29 }^*^ 
cholesteryl 0 -CS-SCH 2 CeH 40 Me-p, m. 125°; [o]d -28.’®“® 
cholesteryl 0-CS-SCH2C«H4N02-p, m. 148°; [o]d -29.’®“® 
cholesteryl 0-CS-SCH2C6H3(N02)2-2,4, m. 144° with decompo- 
sition.’®“® 

cholesteryl 0-CS-SCHPh2, m. 171.5°; [oJd -25.’®“® 
cholesteryl O-CS-SCPhs, m. 156.5° ;[o]d -21.’®“® 
Methylcholesteryl 0-CS-SMe, m. 126°; [ajo -39.®*® 
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Sulfenxantha tes 

MeO-CS-SCSCCla), 144"; d 20/4 1.5485; n 20/D 1.6310.«« 
EtO-CS-SlSCMea), bi 75°; n 20/D 1.559.''«8'‘ 

EtO*CS-S(SCCla), hu 145°; d 20/4 1.4751; n 20/D 1.6112.“® 
PrO-CS-SCSCCla), bi 131°; d 20/4 1.4777; n 20/D 1.5995.“® 
i-PrO-CS-S(SMe), bo.a^.a 50-2°.®“ 
i-PrO-CS-S(SCMea), bi 94-7°; n 20/D 1.5468.^®®“ 
i-PrO*CS*S(SCCla), bi 130°; d 20/4 1.4195; n 20/D 1.5970.“® 
BuO-CS«S(SCCla), bi 138°; d 20/4 1.3876; n 20/D 1.5890.®i® 
i-BuO-CS-SCSCCla), bi 136°; d 20/4 1.3884; n 20/D 1.5860.®i® 
AmO-CS-SCSCCla), bi 145°; d 20/4 1.3580; n 20/D 1.5788.“® 
i-AmO-CS-S(SCCla), bo .7 137°; d 20/4 1.3452; n 20/D 1.5765.®i® 
octyl O-CS-SCSCCla), bi 170°; d 20/4 1.2578; n 20/D 1.5587.®i® 
ally! O-CS-S(SCCla), bi 136°; d 20/4 1.4971; n 20/D 1.6055.“® 
c-hex O-CS-SlSCCla), d 20/4 1.4213; n 20/D 1.6120.“® 
PhCHjO-CS-SlSCCla), d 20/4 1.4396; n 20/D 1.6420.“® 
EtO*CS-S(SSCMea), n 20/D 1.5942.^®®“ 

Trithiocabbonates 

RS-CS-SR' 

dimethyl-, m. -3°,2®» -6.3°; i®!^ bs 85-8°,1“®® bia 92°,2®» bis 
111 ° 1710. 207°,2«» b7co 220°,i“«“ b. 225°,'‘”> 224°,®®® 

204.5°,i®®« 205°; 227 d 0/4 1.2820,“7 d 17/4 1.2652“®® dis 
1.159,227 d 20/4 1.2541, 1.2538,“!®® d 21/4 1.2630;“®®-““ 
n 15/D 1.6844,!7!®® n 17/D 1.68554,“!®® ^ 20/D 1.6740.!!!®® 
diethyl-, m. - 12 °; 2 «® 67 102-4°,!7!«'‘ bio 119°,“!® bn 113°,2®» bae 
145-7°,!!!®“ b34 110°,!2! hm 241-4°,!!!®“ b760 240°,!®!® b 240°,!!- 
814«. 935 «. 1210. 1412b 237-40°,“®!' 188°;!®“® di5 1.012,!2!® d 18.2/4 
1.152,“®® dio 1.152,!“!2® d 18-19/4 1.1520;“®® n 18-19/D 
1.6201,“®® n 18.2/D 1.6210.“!®®-!!®® 
dibutyl-, b 4 125-7°.!®® 
di-i-butyl-, b. 285-9°.!®®®® 
di-i-amyl-, b. 245-8°; d 0.877.®!“' 
didocecyl, m. 52.5°,“! 5o».667 
di-c-hexyl-, m. 76°.“®® 
diallyl-, b. 170-5°; d 0.943.®!“' 

(FaCS)2CS, b. 110°.!®! 
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(MeC 0 CH 2 S) 2 CS, 2 crystal forms, needles, m. 59®, prisms, m. 

740 790d 

(PhC 0 CH 2 S) 2 CS, m. 104® 

(H 00 CH 2 S) 2 CS, m. 174 ®,17305 1710 .U 4 c 373 ; 
K = 0.26;^®*' diamide, m. 207®,® 195-205® with decomposi¬ 
tion;^®*^ di(di Et amide), m. 120®;^^^^ di Me ester, m, 32®; 
di Et ester, m. 47® 7®** 

(H 00 CCH 2 CH 2 S) 2 CS, m. 110®7®»« 

(PhS) 2 CS, m. 43®,«i« 95.7®,“*®® 95®; ®2 bao 210-5®; d 0/4 1.2668, 
d 20/4 1.2493.2®^ 

(PhCH 2 S) 2 CS, m. 83®.2« 

EtS-CS-SCi 2 H 26 , b 4 116-8®; n 20/D 1.4872.“’ 
t-BuS-CS-SCH 2 Ph, bi .8 220 - 3 ®.“ 

EtS-CS-SCHaCOOH, m. 76®; K = 0.082; amide, m. 124®,’®*' 
anilide, m. 98 ®.’*2 

CH„-S^ 


CH2-S' 

Ethylene trithiocarbonate, m. 50®, 41®,“*® 39®,®*® 37®,®’2- <*® 
36.5®; ®“« d 1.4768; Mel, m. 132®; AgNOa, m. 124®; HgCl 2 , 
m. 191®; 2HgCl2, m. 223®. 

2-Methyl-, d 20/20 1.31.®“' 

2-Phenyl-, m. 88®.®’2 
2 -p-MeOCflH 40 CH 2 -, m. 69 ®.’2 

2 - P-NO 2 C 6 H 4 OCH 2 -, m. 123®.’2 
Tetramethyl-, m. 156®.®’2 
Cyclohexene trithiocarbonate, m. 169®.®’2 

cgT cs 

Trimethylene trithiocarbonate, m. 80®;“®’ bio 157®. 2 ** 

3- Methyl-, m. 74®; phenyl hydrazone, m. 89®.“®’ 

(RS-S)2CS 

Butyl-, d 20/20 1.1316; n 20/D 1.5928.®*® 
f-Butyl-, n 20/D 1.6005.®*« 
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and Derivatives 


Monothiocarbamic Acids 

Introduction 

There are three classes of carbamic acids: 

HgN'CO'OH RHN*CO*OH RgN’CO'OH 

Corresponding to these there are three monothiocarbamic acids 
in which a sulfur atom replaces one of the oxygens. As one of 
these is in the carbonyl group and the other in the hydroxyl, there 
should be a thion- and a thiol-acid of each of the three classes 
but these are tautomeric: 

H2N*C0*SH HjN-CS'OH 

RHN*CO*SH ^ RNH*CS*OH 

RgN'CO'SH ?± RjN'CS'OH 

This statement actually applies to the salts, since the free acids 
can not be isolated. The salts are well known. 

The tautomerism does not extend to the esters of which all six 
classes are known: 

HgN'CO'SR HgN'CS'OR 

RHN*CO*SR RHN<S*OR 

RgN-CO-SR RjN'CS'OR 
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These can be distinguished as thiolurethans and thionurethans. 

There is, however, another kind of tautomerism that does apply 
to the esters of two of these classes as it does to thioamides: 

HjN-CS'OR 5± HN:C(OR)SH 

RNH'CS'OR ^ R'N:C(OR)SH 

The salts have been considered as having the structures HN:C- 
(OR)SK and R'N:C(OR)SK. The alkylation products R'NrC- 
(OR)SR" are known and will be considered later. 

Preparation of Salts 

In general metal salts may be prepared by double decomposi¬ 
tion. For example, the dimethylamine salt of dimethyl thiocar- 
bamic acid yields amorphous precipitates with salts of copper, 
zinc, cadmium, and lead.^*^® Heavy metal salts, however, gen¬ 
erally decompose to give the sulfide of the metal. 

Carbon oxysulfide reacts with ammonia: 

2 NHj + cos -> NH2*C0*SNH4 

In the early days there was much discussion as to the constitution 
of the salt, whether it is NH 2 -CO-SNH 4 or NH 2 -CS-ONH 4 .»^®' 
Evidence was brought forward for each of these tautomeric struc¬ 
tures. 

The equilibria in the reactions of carbon dioxide and of carbon 
oxysulfide with ammonia have been compared: 

2 NHj + CO 2 ^ NH2*C0*0NH4 ?± NH2*C0*NH2 -|- H 2 O 

2 NH 3 + cos ^ NH 2 ‘C 0 *SNH 4 ^ NH 2 *C 0 *NH 2 + H 2 S 

The pressures in atmospheres with which urea is formed are: *** 

At 25° 100° 130° 

From CO 2 0.00019 0.57 0.74 

From COS 42.0 40000.0 300000.0 

Urea can be produced commercially starting with carbon oxy¬ 
sulfide 

Carbon oxysulfide combines with a primary amine: 

2 EtNH2 + cos -*■ EtNH'CO'SNHgEl 

By double decomposition two mercury salts can be obtained, 
(EtNH*CO-S) 2 Hg and EtNH-CO-SHgCl. These salts decompose 
on heating: 
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(EtNH*CO*S) 2 Hg 2 EfN:C:0 + HgS + HgS 

EfNH*CO‘SHgCI EtN:C:0 + HgS + HCI 

If water is present the salt, (RNH*C0‘S)2Hg, goes to a sym¬ 
metrical urea, (RNH)2C0.^^’ A diamine forms an acid which 
on heating gives a fiber forming linear polymer: 

H2N(CH2)eNH2 + cos ^ H2N(CH2)flNHCOSH H2S + [NH(CH2)eNHCO] 

Alkali may be substituted for half of the amine: 

BNHg + KOH + cos ^ EfNH«CO*SK 

Carbon oxysulfide reacts with a secondary amine as well as or 
better than with a primary: 

2 R 2 NH + cos ^ R2N*C0*SNH2R2 

Again alkali may be substituted for half of the amine: 

R 2 NH + cos + KOH ^ R2N«C0-SK 

Ethylene imine may serve as the secondary amine: 

2 (CH2)2NH + cos ^ (CH2)2N<0‘SNH2(CH2)2 

Piperidine and morpholine react similarly.^^^® 

Sodium hydrosulfide adds to an isocyanate to form a salt of 
thiolcarbamic acid: 

EtNCO + HSNa EtNH«CO*SNa 

Esters of Thiolcarbamic Acids 

These are commonly called thiolurethans, though the name 
is not a good one. There are three classes, H2N‘C0*SR, R'HN*- 
CO'SR, and R' 2 N’CO*SR, distinguished by the number of alkyls 
on the nitrogen. 

A method of preparation that is applicable to those alkylated 
on the nitrogen as well as to the others is the alkylation of the 
thiocarbamate salts: 

NH2C0*SNH4 + EtBr ^ NH2*CO*SEt + NH4Br 
NH2*C0«SNH4 + BrCH2COPh NH2CO*SCH2COPh + NH4Br 

R2N‘C0*SNH2R2 + R'Br R2N*CO*SR' + NH2R2Br 

RgN'CO'SK + R'Br R2N‘CO*SR' + KBr 

Me2N*CO*SK + CICH2COOK ^ Me2N*CO*SCH2COOK + KCI 887 ® 
NH2*C0*SNH4 + CICH2COONa NH2*CO’SCH2COONa + NH4CI 

The free acid NH 2 *CO*SCH 2 COOH, melts at 139° and can be 
dehydrated to the cyclic imide: 
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H 2 NCOSNH 4 4 - OCHoCHqC O HoNCOSCHoCHoCOONH^ 

The reaction of ethyl chloroformate with phenylthiourethan 
probably follows the same course but the product is unstable and 
breaks up leaving a mustard oil: 

l»hNH‘CO*SNH 4 4 - CICOOEt ^ PhNH*C 0 *S< 0 * 0 Et 4- NH 4 CI 
PhNH*CO*S*CO*OEt -*■ PhNCS 4- COg 4- EfOH 

Another general method is the reaction of a thiochloroformic 
ester with ammonia or with an amine: 


EtS*COCl 4 - NH 3 -* NH 2 *CO*SEt 4- HCI 

RS‘COCl 4- PhNHg -*■ RS*CO*NHPh 4- HCI 

RS^COCI 4- H2N*C0*NH2 -*• RS*C0*NH*C0*NH2 4- HCI 

RS^COCI 4- H 2 N*CS*NH 2 -*• RS<:0‘NH‘CS‘NH2 4- HCI 1462b 

Biuret and mercaptan result from the action of ammonia on this 
urea derivative: 

RS< 0 *NH*C 0 ‘NH 2 4 - NH 3 -* H 2 N*C 0 *NH*C 0 *NH 2 4- Rsh 

Phenyl chlorothioformate is formed by the reaction of phos¬ 
gene on sodium thiophenate: 

PhSNa 4 - COCI 2 -> PhS'COCl 4- NaCi 

This chloride is an oil which may be used for the preparation of 
thiocarbonic esters or of monothiourethans: 


PhS'COCI 4- NaSPh PhS‘CO*SPh 4- NaCI 

PhS*COCI 4- PhNH2 -*• PhS*CO*NHPh 4- HCI 

Other chlorothioformates may be employed.^®* ***•• ***** N-sub- 
stituted thiolcarbamic acid esters have been made from thiocar- 
bonyl chlorides and amines.**®^ Phenyl chlorothioformate can be 
used to protect the amino group in peptide syntheses.^**- ^* 2 ^ The 
presence of an acid binding agent aids the reaction^* 

An ester of this type can be prepared from diphenyl carbamyl 
chloride and a mercaptide: 

Ph 2 N*COCI 4- NaSEt Ph 2 N*CO*SEt 4- NaCI 

Tertiary amino mercaptans yield thiolurethans when treated 
with a carbamyl chloride.****' *®*®' *®*®*' ****•> 
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A special method for the unsubstituted thiolurethan is the 
addition of water to a thiocyanate: 

EtSCN + HjO ^ NHg'COSEt 

The phenyl hydrazine salt of thiocyanoacetic acid is converted 
to carbamyl thioglycolic hydrazide; the water that is eliminated 
from one part of the molecule adds to the other: 

NCSCHgCOgH'HgN'NHPh ^ HgN^CO'SCHgCONH'NHPh 

The sodium salt reacts with an aqueous solution of an aromatic 
amine hydrochloride: 

ArNHj'HCI + NaOOCCH^SCN ^ ArNHCOCH2SCONH2 + NoCI 

p-Phenetidine or ethylaniline, chloracetic acid, and ammonium 
thiocyanate give the same reaction.^*^® a-Thiocyanopropionic 
acid takes up water to form the carbamate of a-mercaptopro- 
pionic acid: 

NCSCH(M«)C02H + H 2 O ^ H2N‘C0*SCH(M«)C02H 

Hydrochloric acid causes the addition of water to a thiocyanate 
to form the thiolcarbamate: 

OI«yl$CN ^ OUylSCONH2 

Gaseous hydrogen chloride passed into a dioxane solution of the 
thiocyanate brings about the same reaction.^®*® An alkyl thio¬ 
cyanate kept in cold concentrated sulfuric acid is transformed 
into the corresponding thiocarbamate.^®®^*' ^®®®®’ ^®®®’ 

i®72 Phenyl thiocyanate reacts with chloral: ^®’® 

2 PhSCN -1- CI3CCHO ^ (PhSCONH)2CHCCl3 

Or phenyl thiolcarbamate may react with chloral to form an 
addition compound which with phenyl thiocyanate gives this 
product: ^®®®“ 

PhSCONH2 + CI3CCHO -*■ PhSCONHCHOHCCIg 

PhSCONHCHOHCCl3 + PhSCN ^ (PhSCONH)2CHCCl3 

This gives a precipitate with silver or lead ions.^®®’ 

Oxidation of an isothiourea with hydrogen peroxide replaces 
the imino group by an oxygen: 

RSC(:NH)NH 2 ^ RSCONH 2 
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When ethyl thiourethan is heated in a sealed tube to 150° 
it decomposes into a mercaptan and cyanuric acid. In the cold, 
hydrolysis takes place slowly unless alkali is present: 

RS'CO'NHg + HjO ^ CO2 + NH3 + RSH 

Chlorine passed into a water solution, kept below 10°, gives an 
almost quantitative yield of the sulfone chloride: 

RSCONH2 + aClg + 3H2O RSO2CI + CO2 + 4 HCI 

Bromine converts it to the sulfone bromide.^®** Alkyl thiocar- 
bamates, treated with sodium plumbite, decompose to form lead 
mercaptides. This is a specific reaction for the alkyl thiol com¬ 
pounds.®*®® Thiolcarbamylacetic acid heated above its melting 
point decomposes to give hydrocyanic acid and thioglycolic 
acid.1221 

Mono-N-alkylthiourethans can be prepared by the addition 
of mercaptans to an isocyanate: 

EtN:C:0 + EtSH ^ EtNH*CO*$Et 

A novel synthesis of N-substituted thiocarbamates consists of 
treating an appropriate thiocyanate with an alcohol or olefin 
under acid conditions at 0-10°.^®®® An alkyl thiocarbamate is 
one of four products of the reaction of 3-nitro-4-thiocyanatopy- 
ridine on aliphatic alcohols.^®** 

A special way to prepare N-dialkyl thiourethans is by the 
reaction of a secondary amine on a dithiocarbonic ester: 

OC(SMe)2 + R 2 NH -* R2N*CO*SMe + HSM« 

A secondary amine drives out only one molecule of the mercaptan 
while a primary goes further: 

OC(SMe )2 + 2 EtNH 2 ^ OC(NHEt )2 + 2 HSMe 

The base catalyzed reaction of phenyl thiocarbamate or its mono- 
substituted derivatives with ammonia or with primary or sec¬ 
ondary amines gives the corresponding substituted ureas.®®* 
Ethyl thiolcarbamate gives abnormal values for freezing point 
lowering, while ethyl thioncarbamate gives normal values in 
freezing urethan.**® 

Esters of Thioncarbamic Acids 

These also are of three classes according to the substitution 
on the nitrogen: 
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RO’CS'NHg RO'CS'NHR' RO'CS'NR'g 

They may be called thiourethans, or more exactly, thionure- 
thans, but are commonly known as xanthogenamides since they 
are prepared readily by the action of ammonia or an amine on 

0St0I*S * 114b, 114c, 271&, 208 a, 327, 401c, 5B8, 780c, 780d, 787b, 700c, 

1203b, 1412b, 1413b, 1450, 1712a 

RO*CS-SEt + NH3 R 0 *CS-NH 2 + EtSH 

An amine is more efficient than ammonia in displacing the mer¬ 
captan: 

RNHg + R'S*CS*OR" -> RNH<S*OR" -f- R'SH 
RgNH + R'S'CS'OR" -> R2N*CS*OR" -f- R'SH 

p-ROCgH^NHg -f- HOOCCHgSCSOBo -> p-ROC^H^NHCSOBu -f- HSCHgCOOH ll»8 

Bomylxanthogenamide, Ci 6 Hi 70 *CS*NH 2 , m. 133°, [a] 20/D 
_29 o,784 6 -methylbornylxanthogenamide, m. 127°,^®® have 
been used for identification of the alcohols. The menthyl com¬ 
pound, CioHi«0 *CS’NH2, is monoclinic.^^ More complicated 
esters have been made in this way 

EtS*CS*OCH(CH3)COOH + Me2NH -> M«2N*CS*OCH(CH3)COOH 

Glycine reacts with a xanthate: 

C,4H290*CS*SEt + H2NCH2COOH ^ Ci 4H290*CS*NHCH2C00H + EtSH 

Isolation of the xanthate is not necessary. A sodium alcoholate, 
carbon disulfide, and hydrazine give a thionocarbazate. The 
carbazates react with aldehydes to give hydrazones.^®^® 
Mono-N-alkyl thionurethans result from the addition of an 
alcohol to a mustard oil: 28». 417 . 451 . 778 c. 780d, 78ia, 1454 , 1712 b. 

1772 

RNiCiS - 1 - R'OH ^ R' 0 :CS:NHR 

The ethyl ester is formed gradually in alcoholic spirits of mus¬ 
tard oil.^ 2 ®® A synthetic linear polymer is formed by the reaction 
of a dihydric alcohol or phenol and a di-isothiocyanate.^®*® Ethyl 
DL-isothiocyanate propionate heated with alcohol gave the thio- 
urethane, EtOOCCHMeNHCSOEt.®^^® The reaction velocities 
of some sixty aryl isothiocyanates with ethanol have been com¬ 
pared.^®® It is preferable to use the alcohol as a sodium alco¬ 
holate: ^®®®* ^^®® 
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RN:CiS 4- NoOR' RN:C(SN<i)OR' 

RN:C(SNa)OR' -> RN:C(SH)OR' -> RNH*CS*OR' 

Acetoisothiocyanoglucose and heptaacetyl isothiocyanolac- 
tose react with alcohol to form thiourethans. It is claimed 
that cellulose thiourethan can be made by reacting alkali cellu¬ 
lose with an alkyl isothiocyanate.^®^®' 

Picryl chloride, ammonium thiocyanate, and alcohol react when 
they are heated together. Writing picryl chloride as PiCl, the 
following reactions may be written: 

Pici -f NH 4 SCN RINGS 4 - nh^ci 

PiN:C:S 4- EtOH PiN:C(OR)SH 

PiN;C(OEt)SH -f KCI PiN:C(OEt)SPi 

i-Propyl alcohol gives a small yield and <-butyl alcohol still 
less.*®*’ 

When sulfuric acid is added to a mixture of an alcohol and 
ammonium thiocyanate, a thionurethan is produced. The alco¬ 
hol adds to the isothiocyanic acid: 

HN:C:S 4 - HOPr HjN'CS'OPr 

Some of the isomeric thiolurethan, H 2 N*CO*SR, is also found 
but it is probable that it results from the isomerization of the 
thionurethan which is the chief product.^*®* Heating in the 
presence of an acid converts the thion- into the thiol-This 
looks like a possible method of identifying alcohols. 

The substituted urethan, EtO*CO‘NH*CS*OEt, is obtained 
from ammonium thiocyanate and ethyl chloroformate in 
ethanol.^®^' Two isomeric forms of this have been 

isolated, the one melting at 44" and the other at 144". They 
give different cyclic condensation products with ethylenedia- 
mine.®®^ Potassium thiocyanate and benzoyl chloride refluxed 
in toluene and ethanol give ethyl benzoylthionocarbamate.^®^® 
D-Glucose reacts with potassium thiocyanate in hydrochloric 
acid to form p-thioglucoxazoline which contains a thiocarbamyl 
group.*** The same salt can be used to introduce the thiocar¬ 
bamyl group into 1-carbobenzoxypiperazine.®®^ 

The methyl, ethyl, and propyl chlorothioformates, RO*CSCl, 
are pale yellow, oxyluminescent liquids.***®* ***“* ***“ These react 
with ammonia and with amines: **** ***“* ***** **®®> ***®' i3®5*> i^isa 
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RO*CSCI + NH 3 -*■ H2N*CS*0R + HCI 
RO'CSCI + HgNR' NHR'<S*OR + HCI 

Thiourethans in which the nitrogen is completely alkylated can 
be made from the above chloride or conversely from a dialkyl- 
thiocarbamyl chloride: 

RgNH + CICS'OR' RgN-CS^OR' + HCI 

RgN'CSCI + NaOR' ^ RgN'CS'OR' + NaCI 

Rhodanurates react with sulfonated phenols to give sulfonated 

thioncarbamates: 

R'R"NCSSCN + HOAr ^ R'R"NCSOAr + HSCN 

With the free alcohol the reaction takes a different course; the 
anhydride is formed instead of the ester: 

2 RgN'CSCI + 2 Eton ^ R2N*CS‘0‘CS*NR2 + 2 EtCI + HgO 

The ester, EtsN'CS'OEt, oxidises spontaneously in the air.'^^^® 
Thiocarbamyl chloride reacts well with alcohols: 

NH 2 *CSCI + ROH ^ NHj'CS'OR + HCI 

These thionurethans are solidsJ* 

Mono- and di-arylthioureas heated with alcohol and hydro¬ 
chloric acid give alkyl-aryl thionocarbamates,^^®** 

Reactions of Thionurethans 

Valeric aldehyde reacts with xanthogenamide, giving a com¬ 
pound melting at 108®: 

C^HgCHO -t- 2 NHg'CS'OEt ^ C 7 H 3 CH(NH*CS*OEt )2 -f- HgO 

Xanthogenamide is readily acetylated to MeCONH^CS'OEt.^®’ 

947c, 1714b 

When methyl thionurethan is kept with methyl iodide, a trans¬ 
formation takes place: 

MbO'CS'NHg -t- Mel ^ MeS<0*NH2 + Mel 

That the methyl iodide is not simply a catalyst is shown by an 
experiment with the ethyl ester: 

EtO*CS*NH 2 -t- Mel ^ MeS*CO*NH 2 + EtI 

Quite a number of combinations of esters and alkyl halides were 
tried and in every case the alkyl in the -SR group was the one 
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originally in the alkyl halide. A double ester resulted when 
ethylene bromide was the halide.^’^^*' A similar reaction 
occurred when the acetylated thiourethan was kept at 40-45° 
with methyl iodide: 


MeCO*NH<S*OM* -|- M«l M*CO>NH*CO*SM« -|- M*l 

This reaction has been explained by assuming that the methyl 
iodide and the ester form a carbonium salt which then breaks up: 


H..N*C 




.oct 




-I- M«l 


NHgC-OB 


\ 


EtO. 


M«S 


N 


'C.NH'HI 


SM« 


M«S*CO*NH^. -I- EtI 


The salt EtO(MeS)C:NH‘HI melts at 58-60° and cafl be con¬ 
verted to the chloride by treatment with potassium carbonate, 
followed by hydrochloric acid.®"*’*’ It seems more reason¬ 

able to formulate it as the formation and decomposition of a sul- 
fonium salt: 


EtO BO M« AA*S. 

^CS -I- M*l ^ ■*’ 

It has been shown earlier that xanthogenic (chapter 2) and thio- 
phosphoric esters (p. 3(X), Vol. I) undergo similar reactions: 

ROKTS'Sir -H R"Br -> R"S<0*SR' -|- RBr 

R0*PS{0R)2 + R'l -* R'S*P0{0R)2 + Rl 

These were explained by assuming phosphonium intermediates. 
Another formulation has been given: 

NH.> NH2 NHo 

r I I 

ROC -I- R'l -» ROC I -> OC -H IR 

II II 

S SR' SR' 

The reaction of Ph 2 CHBr with ROCSNHAr has been used for 
the preparation of complicated bromides.®®® It is usually more 
difficult to disrupt an alkyl-sulfur bond than an alkyl-oxygen. 

In the case of an N-alkyl urethane this reaction may take an¬ 
other course, hydriodic acid being eliminated rather than an 
alkyl iodide: 
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CgHgNH'CS^OM* + M«l -»■ C3H5N!C(OM*)SM* + HI 

This can be explained by assuming the same intermediate. The 
same reasoning applies to the reactions of alkyl halides with thio- 
amides and with thiourea which will be considered in a later 
chapter. Esters of the type HN:C(OR)SR' are converted to 
guanidine hydrochloride by ammonium chloride but not by 
ammonia.®^^** Xanthogenamide condenses with iodopropionic 
acid: 

NH2*CS*OEt + ICHgCHjCOOH NH!C(0&)SCH2CH2C00H + HI 

This goes on to a thiazine.®^® Xanthogenanilide reacts similarly 
with chloracetic acid: 

PhNH*CS‘ 0 » + CICH2COOH PhN;C(OB)SCH2COOH + HCI 

SCH2COOH /S*CH2 

PhNiC PhNiC^ I + EtOH 

^OEt ^0*C0 

A molecule of ethanol is lost and a cyclic compound is formed.*®*®* 
Ethyl allylthiourethan forms a silver salt, EtO*C(:NC 3 H 5 )- 
SAg which may react with an alkyl halide.*^®^' *^®*’ *^®^ The silver 
salt, CH 2 :CHCH 2 N:C(OEt)SAg, m. 170°, shows thermochrom- 
ism. It is colorless at 0°, bright yellow at 15°, and lemon yellow 
at 30°, above which it does not change color. The methyl and 
propyl esters act similarly.*^*® 

Phosphoric anhydride abstracts one molecule of alcohol from 
two of a thiourethan or a molecule of water from one: 

EfO*CS*NHH + EKXS'NHg EtO*CS*NH*CS*NH 2 + EtOH 

EtO*CS*NH 2 EtSCN + H2O 

The products are ethyl dithioallophanate and ethyl thiocyanate. 
Some rearrangement takes place: **® 

EtO*CS*NH 2 EtS*CO*NH 2 

Menthyl thiourethan decomposes, on heating, to give mcn- 
thene, just as menthyl methyl dithiocarbonate would do: 

Cio”i 90 ’CS-NH 2 -»• CioH, 8 + cos + NHj 

Ethyl thiourethan behaves quite differently: 

EtO*CS*NH2 -* 


EtSH + HNCO 
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c-Hexyl thioncarbanilate heated to 240° at atmospheric pres¬ 
sure gives carbon oxysulfide, c-hexene, c-hexanol, and sym¬ 
metrical diphenyl thiourea.*** 

The menthyl urethan is hydrolyzed by alkali: 

CioHi,0 *CS*NH2 -H KOH -♦ -|- KSCN 2»7a, 2»8a 

Xanthogenamide is split by barium hydroxide into ethanol and 
thiocyanic acid.^“ 

1-Thiocarbaminyl-lactic acid, m. 100-15°, [a] 20/D 16.6°, 
can be dehydrated to the cyclic 5-methyl-2-thion-4-oxo-oxazoli- 
dine, m. 114.5°, [a] 20/D -27.4°: 

cs*o 

H2N«CS‘0CH(M«)C00H -♦ HN CHM« 

Xanthogenamide gives a red color with cupric chloride which 
is explained by assuming the intermediate formation of a com¬ 
plex before the final separation of the addition compound with 
cuprous chloride. Simultaneously there is formed as an oxidation 
product, a 1,3-thiadiazole which is formed also by oxidation 
with hydrogen peroxide.*^* Xanthogenamide forms complex salts 
with cuprous chloride, bromide, and iodide ^*** and with salts of 
mercury, lead, cadmium, cobalt, nickel, iron, manganese, cal¬ 
cium,^*** and platinum.*®^ 

The thion esters show high molecular association, provided at 
least one amino hydrogen remains unsubstituted.*^® 

The therapeutic properties of thionurethans have been com¬ 
pared with those of urethan. The damage which they cause to 
the liver and kidney tissue contraindicates their use.**® A dilute 
solution of phenylthiourethan first stimulates and then paralyzes 
leech muscle. In large doses it is a vermifuge for puppies.*®* Sub¬ 
stituted thioncarbanilates, RCeH 4 NHCSOR', in which R is alkyl 
or alkoxy show anthelmintic activity.*®*®’ ^^*® The butyl ester of 
p-allyloxythioncarbanilate combats mouse pinworms.**** 
Compounds of the type. 



in which the benzene ring carries various substituents have been 
claimed as intermediates for dyes and pharmaceuticals.^"®*® Di- 
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alkylaminourethans are said to be useful in pickling baths.***®** 
Various thiourethans may be added to photographic developers 
or emulsions.^*' Salts of thiocarbamic acids have been used in 
plasticizing rubber or as vulcanization accelerators.®*®’ **^* Thion- 
carbamates have been recommended as pesticides **** and 
fungicides.**^’ ***^ They have also been proposed as flotation 
agents ^*®*’ and for improving the stability of acrylonitrile 
polymers.**^® 

A complex cellulose thiourethan may form films or fibers.^*’ 

23,1023b Certain thiourethans are said to be useful in the vulcan¬ 
ization of rubber.***® Thioncarbamates, ArOCSNRj, in which 
the aromatic group is a sulfonated phenol are useful in making 
fibers or insect repellants.***® Disubstituted thioncarbamates 
such as t-propyl diethylthioncarbamate, i-PrOCSNEt 2 , are plant 
growth stimulants.**** Aminoalcohol esters of monoalkylthion- 
carbamic acids show pronounced local anesthetic activity.*’*® 

Esters of Thioncarbazic Acid 

These esters may be made by the reaction of carbon disulfide 
on sodium alcoholates and hydrazine or substituted hydra¬ 
zines: **’ **’® 

CgHiiONa + CSj + N.^H4*H20 -*■ C 0 H 44 OCSNHNH 2 + NaSH + HgO 

RONa + CS 2 + HgNNR'R" -*■ ROCSNHNR'R" + NaSH 

Or they may be prepared by the action of alkali and hydrazine 
on a xanthate: **’* 

EtOCSSCH 2 COOH + N2H4*H20 + NaOH -> EtOCSNHNH 2 + 

NaSCH2COOH + 2 HgO 

These react with aldehydes and ketones to form hydrazones.**’ 
1678,1679 'pjjg compounds ROCSNHNR'R" show tuberculostatic 
activity.** Monosubstituted esters, ROCSNHNHR', retard fun¬ 
gus growth on citrus fruit.®^ 

Dithiocarbamic Acids 

Introduction 

There are three classes of carbamic acids: 

HaN'CO'OH 


RHN*CO*OH 


RoN'CO’OH 
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Corresponding to these there are three classes of dithiocarbamic 
acids: 

HaN-CS'SH RHN'CS'SH RgN-CS'SH 

The free acids are unstable and can seldom be isolated, but their 
salts are well known and their esters are important.^^*^ Their 
esters are commonly called dithiourethans. 

The constitution of the acids and their esters has been discussed 
and the conclusion reached that the acids and salts are to be 
represented by: 

RC H . . . HjO and RC M 

J 

in which M is a univalent metal. That the two sulfurs are dif¬ 
ferent in the esters is shown by the fact that only one of the 
sulfurs exchanges.**^ On the basis of dipole moment and infrared 
studies it has been concluded that the structure of dithiocar¬ 
bamic acids with amines varies with the polarity of the solvent.®*® 
The structures of the dithioacids and dithioesters appear to be 
similar to those of the xanthates and dithiocarbonates. The free 
acids and their esters have the same optical properties.’^® Dithio¬ 
carbamic acids have been reviewed.^®’® 

Dithiocarbamic Acid, H2N*CS*SH 

If alcohol is saturated with ammonia and carbon disulfide 
added, colorless crystals separate after a time.^®’®’ ”®*'’ 

2 NHg -I- CSj NH2*CS*SNH4 

Ammonia and carbon disulfide may be brought together in vari¬ 
ous organic solvents.*®’ ’’^®* They may be introduced continu¬ 
ously into the solvent and the ammonium dithiocarbamate with¬ 
drawn continuously.’’^®® A somewhat modified synthesis has 
been given in Inorganic Syntheses III.’”* An aqueous solution is 
formed where concentrated ammonium hydroxide stands in con¬ 
tact with carbon disulfide.’^®® Such a solution gives character¬ 
istic colored precipitates with many heavy metal ions and may 
be used in testing for them.®*®’ ’®®® The dithiocarbamate 

method and its application to the determination of copper galen¬ 
icals has been discussed.’^*^ 
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The importance of internal complex salts for analysis has been 
pointed out. Salt forming and complex forming groups must be 
present.^^®® Thiocarbamic acid gives good tests for arsenic re¬ 
gardless of its valence.^^®* 

Guanidine and substituted guanidines with carbon disulfide 
form inner salts of the corresponding dithiocarbamic acids. These 
are useful for preparing cyclic nitrogen compounds.®** Biguanide 
gives a compound, C 2 H 5 N 5 CS 2 , which forms quite unstable 
salts.^*^® 

The addition of hydrochloric acid to a concentrated solution 
of the ammonium salt precipitates the unstable, crystalline, free 
acid, It has also been obtained as an un¬ 

stable oil.^^*®** The value for K of this acid is 1.55 X 10“*.^^* 
The free dithiocarbamic acid adds to unsaturated ketones, ni¬ 
triles, or acids to form mercaptothiazines.*®®* 

On long standing in aqueous solution the ammonium salt is 
hydrolyzed: 

H2N*CS‘SNH4 + HgO -» NH 40 *CS*SNH 4 

NH 40 *CS-SNH 4 ^ NH4S*C0*SNH4 

The ammonium dithiocarbonate disproportionates into carbonate 
and trithiocarbonate: 

3 (NH4S)2C0 -» 2(NH4S)2CS + (NH 4 ) 2 C 03 

The lead, zinc, coppernickel, and cadium ®* salts have been 
prepared by adding solutions containing the proper ions to a 
solution of this salt. The heavy metal salts, prepared in different 
ways, have been compared.^^^ Ammonium dithiocarbamate re¬ 
duces ferric chloride to the ferrous.^^^* Iron and zinc salts of the 
acid reduce potassium ferricyanide and inhibit certain en- 
zymes.^^®* The simple dithiocarbamates have been investigated 
spectroscopically.*®^ Dithiocarbamates form complexes with 
molybdates which are useful in qualitative analysis. The un¬ 
substituted carbamates are extracted more effectively from non- 
aqueous solvents than are the substituted.**® 

A rubber mix, not containing an accelerator, is dipped into a 
warm aqueous solution of a metal dithiocarbamate and then 
vulcanized.*^* Esters and salts of thiocarbamic acids are .vul¬ 
canized accelerators.^“’®'’’ ^^®® Dithiocarbamic acid derivatives 
stabilize the products of the reaction between rubber and sulfur 
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dioxide.*^* Ammonium dithiocarbamate is effective in breaking 
the dormancy of potato tubers.^^®^ 

Ammonium dithiocarbamate reacts with acetone, acetaldehyde, 
acrolein, and other aldehydes to give carbothialdines.^®®®*** 

A dialkylammonium dithiocarbamate, H 2 N*CS’SNH 2 R 2 , reacts 
with two molecules of an aldehyde: 

HgN'CS'SNHaEfa + 2CH3CHO -* CH3CH:N*CS*SNEt2:CHCH3 

Monoalkyldithiocarbamic Acids, RNH*CS’SH 
Preparation 

The free monoalkyldithiocarbamic acids are unstable; how¬ 
ever certain ones may be steam distilled.®®* 

When two molecules of an amine react with one of carbon di¬ 
sulfide one of them goes into the anion and the other into the 
cation of the salt: 

2 NHjR -h CS2 -»• NHR*CS*SNH3R 

The reaction can be considered as involving two steps: the forma¬ 
tion of a dithiocarbamic acid and the neutralization of this acid: 

RNH2 + CS2 -»• RNH*CS*SH 

RNH*CS*SH + RNH2 RNH*CS*SH*RNH2 

As the first step involves the transfer of a hydrogen atom from 
the amine to the sulfur, only ammonia and such amines as have 
a hydrogen attached to the nitrogen can undergo this reaction. 
Thus t-amyl amine and carbon disulfide brought together in dry 
ether form a crystalline compound: 

2;-AmNH2 + CS 2 -*■ iAmNH*CS*SNH3Am-i 

This is the i-amylammonium salt of t-amyldithiocarbamic 
acid.^^®**’ ’®®“> *®®® Methyl and ethyl amines react simi¬ 

larly.^^®®* ^’*®* ^®®** ’®®® This is a general reaction of primary 
amines.®®* The reaction is so nearly complete that primary 
amines may be estimated by titrating the resulting dithiocarbamic 
acids with sodium hydroxide.®®® A 45% solution of methylamine 
added to carbon disulfide, with cooling, gives a 96% yield of the 
salt, MeNH-CS-SNHaMe.i*®® Hexyl,®^® pentadecyl,®®® cetyl,*®^* 
heptadecyl,*®®’ t-butyl,*®®* *®®® oleyl, hydnocarpyl,*®^* camphyl,®®® 
fenchyl,^®’® and bomyl ®®®* *®^® amines react satisfactorily. The 
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reactants may be brought together as vapors. or in emul- 

gjQjQ 81€lb| 830 

Ethylene diamine and carbon disulfide dissolve in alcohol to 
a clear solution which soon becomes turbid and deposits a 
white amorphous compound having the composition (C2H4)- 
H 4 N 2 CS 2 .^®^*’ Treatment with alkali does not liberate ethylene 
diamine, which shows that one end of each molecule is in the 
anion. This would be the case if the product is a cyclic inner 
salt or a linear polymer: 

(—CHaNH'CS'SNHgCHg—)„ 

2.3- Diaminobutane gives a similar polymer which loses hydro¬ 
gen sulfide and forms symmetrical dimethylethylene thiourea, 
m. 198°.1^85 2-Diethylaminoethylamine, Et 2 NCH 2 CH 2 NH 2 ,^^«^ 
and 4-aminodiethylaminopentane, Et 2 NCH 2 CH 2 CH 2 CH(NH 2 )- 
Me,88^ give polymeric salts. Diamines where the amino groups 
are separated by 3 or more carbon atoms, form with carbon 
disulfide and sodium hydroxide, relatively unstable dithiocar- 
bamates.'*^^*’’ These dithiocarbamates give bis (p-cyano- 
ethyl dithiocarbamates) on treatment with acrylonitrile.'*®^*’ 

1.3- Diaminobutane,*®8® putrescene, and cadaverine give the 
dithiocarbamic acids: H 2 NCHMeCH 2 CH 2 NHCSSH, H 2 NCH 2 - 
CH 2 CH 2 CH 2 NH-CS-SH, and H 2 NCH 2 CH 2 CH 2 CH 2 CH 2 NH-- 
CS’SH, which appear to exist as inner salts. Heating an alcoholic 
suspension of the putrescene compound gives tetramethylene 
thiourea, m. 177°.^®®* Dithiocarbamic acids derived from ali¬ 
phatic diamines, where the amine groups are separated by at least 
6 carbon atoms and where at least one hydrogen is linked to 
nitrogen, form long chain polymers on heating.®^®* These 
polymers are used in foils, fibers, cements, adhesives, etc.®^® The 
compound from hexamethylene diamine loses hydrogen sulfide 
when heated to 200° in a current of nitrogen. The thiourea that 
is left is polymeric and can be spun into long fibers: 

(—CHaCHaCHaNH'CS'NHCHaCHaCHa—)„ 

When a solution of the acid, H2N (CH2) 3O (CH2) 4O (CH2) 3- 
NH*CS*SH, in 25 % sodium hydroxide is boiled, an insoluble 
film forming condensation product is deposited.®*® From 1 , 4 -di- 
aminocyclohexane the dithiocarbamic acid, H2NCH(CH2CH2)2- 
CHNH'CS'SH, has been prepared and tested as a Nylon inter- 
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mediate.*®* Analogous compounds are formed from ds- and 
trans-1,2-diammocyclobutane.^®* Leucauramine with carbon di¬ 
sulfide gives the salt of the dithiocarbamic acid.**** Alkylam- 
monium dithiocarbamates are recommended as antioxidants for 
medicinal oils.*^* 

When an aliphatic amine is added to a suspension of carbon 
disulfide in ammonium hydroxide, the ammonium salt of the 
monosubstituted dithiocarbamic acid is formed.*** ********* When 
it comes to forming other salts of the dithiocarbamic acid, a 
strong base, inorganic or organic, will serve. One molecule of 

the amine and one of an alkali react with carbon disulfide: ****** 
888 

EtNHg + CSg + KOH -♦ EtNH*CS*SK + HOH 

The amine is dissolved in three or four parts of water, the cal¬ 
culated quantity of carbon disulfide is added slowly with stirring 
and then sodium hydroxide.*®®"* ***** The other reactants can be 
mixed and the carbon disulfide added last. Amyl and diamyl 
amines and sodium or potassium hydroxides react with carbon 
disulfide.*^** From ethylene diamine the sodium salt of ethylene- 
6is-thiocarbamic acid is obtained: **** 

CHjNHj 4- CSj + NoOH CH^NH-CS'SHo + HjO 

1 1 

CHjNHj + CSg + N«OH CH2NH*C$*$Na + HjO 

The result here is quite different from the polymeric product 
which is obtained when one molecule of the diamine reacts with 
one of carbon disulfide. Aeration of a water solution of this salt 

gives a variety of products including thiurams and thioureas.*®*** 
1010 

Spermine reacts with MeS*C(:NH)NH 2 ‘HI liberating methyl 
mercaptan and forming a diguanide dihydroiodide. The free base 
from this unites with carbon disulfide to form spermine-digua- 
nidedithiocarbamic acid, m. 160-5°.**** 

Ethyl aminoacetate reacts with carbon disulfide: ®**** **** ***" 

2 H2NCH2COOEt + CSg -♦ EtOgCCHgNH'CS'SNHgCHgCOjEt 

From this the silver and mercury salts Et 02 CCH 2 NH*CS*SAg 
and (Et02CCH2NH*CS*S)2Hg, have been prepared. Oxidation 
with iodine gives Et 02 CCH 2 NH-CS-S-S-CS-NHCH 2 C 02 Et. 
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Aminoacetic acid, ammonia, and carbon disulfide give the diam¬ 
monium salt: 

HO 2 CCH 2 NH 2 + 2 NHg + CS 2 -*• NH402CCH2NH*CS*SNH4 

Potassium or barium hydroxide may be used in place of 
the ammonia. From glycylglycine the salt, NH 402 CCH 2 NH‘- 
C0CH2NH*CS*SNH4, has been prepared. Alanine reacts regu¬ 
larly.^^® The reaction of glycine and alanine with carbon disul¬ 
fide has been investigated polarographically and can be used for 
the determination of these amino acids,^’®’ With potassium hy¬ 
droxide instead of ammonia, the potassium salt, K 02 CCH 2 NH*- 
CS*SK, is obtained.®’® Phenylglycocoll, sarcosine, and asparagine 
yield the expected compounds but some of the other amino acids 
do not.’**® An alkaline solution of a protein is said to react with 
carbon disulfide.’®*® A method for the controlled degradation of 
peptides using carbon disulfide has been proposed.®*® Carbamyl- 
carboxylic acids are converted to the dithio compounds: ’®* 

H2NC0CH2NHC02H*H2NCH2C0NH2 + CS 2 
H2NC0CH2NHCS2H>H2NCH2C0NH2 -|- CO 2 

N-Thiocarbamylsuccinamic acid serves as an accelerator in the 
vulcanization of rubber.”*® 

A study has been made of the kinetics of the decomposition 
of the dithiocarbamylcarboxylic acids in acid medium to the 
corresponding amino acid and carbon disulfide. This decompo¬ 
sition is a reversal of the formation of these compounds.”®® 
Aniline being a weak base requires the help of ammonia: ®®®’ 

682, 913, 1049a 

PhNH2 + NHj + CS 2 -> PhNH*CS*SNH4 

A mixture of 93 g. aniline, 76 g. carbon disulfide, and 300 cc. 
concentrated aqueous ammonia, standing twelve hours, gives 130 
g. or 70% yield of the salt.®®® The potassium salt, PhNH*CS*SK, 
and the barium salt, (PhNH*CS*S) 2 Ba, result when the hydrox¬ 
ides of these metals are substituted for the ammonia .’***“ 

This reaction can be used for taking carbon disulfide out of 
gases, such as illuminating gas. The gas is passed over a mixture 
of an amine and a metal oxide. The thiocarbamate salt that is 
formed may be decomposed to regenerate the amine for reuse.®’®* 
1130,1131 ^ ready formed amine dithiocarbamate may be used 
along with a metal oxide.’®’® 
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Other aromatic amines react with ammonia: 

PhCHgCHaNHa 4- CS 2 4- NHg PhCHaCHaNH'CS^SNH^ 

p-H2NCeH4‘CeH4NH2-P 4- CS 2 4- NHg (•CeH4NHCSSNH4)2 

Phenyl hydrazine may be substituted for the ammonia. With 
benzidine only one amino group reacts: 

p-H2NCeH4*C«H4NH2-p 4- CS 2 4- PhNHNH2 -*■ 
p,p'.H2NC,H4*CeH4NHCSSH*H2NNHPh 

Aniline, carbon disulfide, and potassium hydroxide react: 

PhNH 2 4 - CS 2 4- KOH PhNH'CS'SK 

This salt can be made in another way by boiling the xanthate 
with aniline: 1332a, 1535 

PhNH2 4- ElO<S*SK PhNH<S*SK 4- EtOH 

With aniline, potassium carbonate also serves as the alkali.'^*i 
Heterocyclic amines form dithiocarbamic acids. A tertiary 
alkyl amine may replace the ammonia in this reaction: **** 

HgN fHiNCHtCHS 4- CSo + it^N EtjN’HSCSNHCH^N^CH^^ 

These are useful as pesticides and fungicides.*** 

The ammonium salt of dithiocarbanilic acid decomposes in 
two ways: 

PhNH*CS*SNH4 PhN:C:S 4- NH^SH 

-»• PhNH2 + CSj + NHj 

The formation of a mustard oil is favored by the presence of 
heavy metal salts. To prepare phenyl isothiocyanate, add a 
solution of copper sulfate to the ammonium salt and distill with 
steam. The yield is quantitative.!*^®* As this is a much used 
method of making mustard oils, it is discussed more fully in the 
thiocyanate chapter in Volume V, to which reference should be 
made. Hofmann used silver nitrate and mercuric chloride.i’*®-’**® 
Weith used ferric chloride.^*®* 

Ammonium dithiocarbanilate is a reagent for copper ions.i*i* 
It forms a nickel salt, Ni(SCSNHPh) 2 , which forms a complex 
compound with sodium polysulfide, Na 2 [S 2 Ni(SCSNHPh) 2 ].’*^ 
Aminocamphor and carbon disulfide give the acid C 8 Hi 4 (CO)- 
CHNH‘CS*SH, m. 128°. At 170° the methyl ester is split into 
methyl mercaptan and camphoryl mustard oil.®*’' ®** Trimethyl- 
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silylmethyl amine forms a dithiocarbamic acid whose lead salt 
decomposes on heating to form the isothiocyanate, Me 3 SiCH 2 - 

NCS.1233 

The reaction of ammonium phenyldithiocarbamate with ethyl 
chloroformate is the first step in the formation of a mustard oil.^’* 

PhNH‘CS*SNH4 + CICOOEt PhNH*CS*S*CO*OEt + NH4CI 

PhNH*CS*S*CO*OEt PhNCS + COS + EtOH 

Methyl amine undergoes the same reaction.®®* The reaction with 
phosgene may be represented as following a similar course:*®*^®’ 

1623 


PhNH*CS*SNH4 + CICOCI ^ PhNH‘CS*SCOCI + NH4CI 

PhNH*CS*S<OCI ^ PhNCS + COS + HCI 


The reaction with chlorine gives mustard oil, aniline, and am¬ 
monium chloride.^®®® Ethylene diisothiocyanate is similarly ob¬ 
tained from ethylene bwdithiocarbamic acid: 


H 

CH.,N<S*SNo CICOCI 

I + ^ 

CHaN'CS'SNo CICOCI 

H 

H 

CH^N'CS’SCOCI CHoNCS 

I I 

CHoN'CS'SCOCI CHoNCS 

'h 


H 

CHoN*CS*SCOCI 
I ' + 2NqCI 

CHgNCS'SCOCI 
H 


+ 2 COS + 2 HCI 


The decomposition of the dichloroformyl derivative takes 
place when it is heated to 59® in a vacuum.^’®® Aromatic iso¬ 
thiocyanates have been prepared from an aromatic dithiocar- 
bamate coupled with a salt of an a-halocarboxylic acid.®^® This 
has been patented.*®^® 

The reaction of acrylonitrile with benzyl dithiocarbamic acid 
has been studied under various conditions. In aqueous solution 
benzyl isothiocyanate and S(CH 2 CH 2 CN )2 are the chief prod¬ 
ucts; in the presence of benzyl amine and acetic acid, PhCH 2 - 
NHCS 2 CH 2 CH 2 CN is the chief product.**®"' 

The potassium salt decomposes on heating: 


-*■ 


2 PhNH'CS'SK 


SC(NHPh)2 + KgS -f CSg 
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Under some conditions the potassium sulfide and carbon disulfide 
may unite: 

KgS + CS2 IC2CS3 

The ammonium salt of the dithiocarbamic acid from a- or 
P-naphthyl amine gives the same results.^^* Heating an alkyl- 
ammonium alkyldithiocarbamate in alcohol solution is a way to 
prepare symmetrical dialkylthioureas: 

HepNH'CS'SNHjHap HepNH’CS'NHHep + H 2 S 

A dialkylammonium salt, which may be obtained from a mono- 
by double decomposition, gives a trialkylthiourea: 

RNH'CS'SNHjR'a RNHKTS'NR'a -|- HjS 

It would seem that a tetraalkylthiourea should result from a 
dialkylammonium dialkyldithiocarbamate, R 2 N*CS*SNH 2 R 2 , but 
such is not the case.^’®^** As these are accepted methods of pre¬ 
paring thioureas they are more fully treated in the chapter on 
thiourea. 

Concentrated sulfuric acid and aliphatic or alicyclic thiocy¬ 
anates at 0° form thiocarbamates. Numerous simple and poly¬ 
methylene thiocarbamates were prepared in this way.^®®®** 

A sodium dithiocarbamate results when sodium hydrosulfide is 
added to a mustard oil: 

RNtCtS + HSNci -♦ RNH‘CS*SNci 

The industrial preparation of dithiocarbamates has been de¬ 
scribed.®^ 

The alkali, alkaline earth, lead, and zinc salts of the dithiocar¬ 
bamic acids are colorless, but the copper, nickel, cobalt, and iron 
salts are highly colored and may be used in chemical analysis. 
They may be internal complexes.^®®**’ A large number of these 
salts have been prepared, particularly sodium, nickel, cobalt, 
and copper salts of the acids, MeNH’CS'SH, EtNH*CS*SH, 
PrNH-CS-SH, MejN-CS'SH, EtaN-CS-SH, and PraN-CS-SH.®®®® 
Arsenic salts, (RNH*CS*S) 3 As are precipitated as thick oils 
when hydrochloric acid is added to a solution containing a sodium 
salt, RNH’CS’SNa, and sodium arsenite.^®®®' 

Methylammonium methyl dithiocarbamate reacts with two 
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molecules of an aldehyde. The product was originally thought to 
be a carbothialdine, but spectroscopic evidence favors a substi¬ 
tuted 1,3,5-thiadiazine.®’ Only one molecule of formaldhyde 
reacts with dimethylammonium propyldithiocarbamate: 

.SNMegHa ^NMejH 

SC + HCHO ^ SCC' 

^NHPr 

Ethanolamine and carbon disulfide unite to form the dithio 
acid, H0CH2CH2NH'CS*SH. On standing this loses a molecule 
of water to go into 2-mercapto-oxazoline.^^®® But if the original 
reactants are heated together under pressure the water is elimi¬ 
nated in a different way and the product is 2-mercaptothiazoline, 
which is said to be an excellent accelerator.^®®* 
2,3-Dihydroxypropyl amine reacts with carbon disulfide to 
give an intermediate which condenses similarly to 2-mercapto-5- 
hydroxymethyloxazoline. The reactions with glucamine follow 
the same course ending up with a 2-mercapto-oxazoline having 
the group—CH(0H)CH(0H)CH(0H)CH20H in the 5-posi¬ 
tion.^®®^ Other amines containing several hydroxyl groups react 
in a similar manner.^^®®* ^®®** ^®®® 

Derivatives of dithiocarbamic acid vary in their reactivity ac¬ 
cording to their structure. When there is only one substituent on 
the nitrogen, they can be determined bromometrically or with 
iodine in alkaline solution. They can also be determined gravi- 
inetrically by oxidation with nitric acid or hydrogen peroxide 
and precipitation of the sulfate ion as barium sulfate. If the 
nitrogen is tertiary they are more difficult to oxidise and 30% 
hydrogen peroxide and 10% sodium hydroxide must be used.^^®* 
Salts of ethylene bisdithiocarbamic acid are analyzed by decom¬ 
posing in acid medium and absorbing the carbon disulfide in 
alcoholic potassium hydroxide and titrating the xanthate with 
iodine.®®®’ ^®®® 


Uses 

The uses of dithiocarbamates in organic synthesis and their 
applications in emulsion polymerization have been outlined.®’® 
There has been considerable interest in the disodium salt of 
ethylene bis-dithiocarbamic acid, (NaSCSNHCH 2 ) 2 , called Di- 
thane, as a fungicide and pesticide.®®* ”®* ®®®* ^^®- ®®®* ®®^®* ’®’** 
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758a, 759, 838, 859, 890, 945, 992a, 1013, 1030, 1059, 1087, 1152, 1187, 1199, 1341, 1378, 
1466, 1502, 1617, 1518, 1634, 1580, 1731b, 1747, 1764 'pjjg ^inC Salt haS TB- 
TTfiiifili attention loo, 224, 334, 379, 380, 392, 537, 503, 838, 859, 890, 

977 , 983, 1030, 1086, 1087, 1127, 1285, 1345, 1379, 1534, 1595, 1604, 1764, 1756, 1802 

preparation and stabilization ***• have been patented. One 
patent suggests that shipping the diammonium salt is cheaper 
and that addition of zinc sulfate will give two purpose spray— 
fungicidal and fertilizing.®*^ The composition of a dust contain¬ 
ing this salt has been patented.**^ There is evidence of synergism 
between the zinc salt and copper containing fungicides in the 
control of vine mildew.^*^® It reduces downy mildew on spinach, 
beets, and lettuce by 98%.^’^* The ferric, cupric,’®^" manga¬ 
nous,®®^- as well as related compounds ***• 

have been claimed as fungicides and described in detail. Their 
safe use has been studied.*®- *®® Sodium methyldithiocarbamate 
was very effective as a fungicide in a special method of appli¬ 
cation.^’** 

Zinc and other dithiocarbamates have been of interest in tht. 
vulcanization of rubber.*’***- Salts of the bis-dithiocarbamic 
acid, (CH 2 CH 2 CH 2 NH*CS’SH) 2 , from hexamethylene diamine 
are recommended as vulcanization accelerators and insecti¬ 
cides.”**® The reaction product of formaldehyde with an am¬ 
monium salt of an aryldithiocarbamic acid is claimed as an 
insecticide or fungicide.’ The condensation product of an alde¬ 
hyde, with at least two carbon atoms, an aliphatic or aromatic 
primary amine, and carbon disulfide is claimed as an acceler¬ 
ator.*®** Cyclohexylamine reacts with an aldehyde and then with 
carbon disulfide to produce a vulcanization accelerator.”**"- ’**®" 

The metal salt of a substituted dithiocarbamic acid is useful 
in hydraulic transmission fluids.*®® The primary swelling of gel 
fibers from viscose is reduced by the addition of certain N-sub- 
stituted dithiocarbamic acids.*** The dithiocarbamate from a 
halogenated P-alkenylamine is recommended as a polymerization 
regulator.’* 

Dialkyldithiocarbamic Acids, R2N*CS*SH 
Preparation 

The reaction of secondary amines with carbon disulfide has 
been exploited extensively since many commercially useful com- 
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pounds are among the products. Two molecules of the amine 
408a, 408b, 412c, 716, 815,1566 qj. Qjjg gf amine and one of alkali 
052,10028,1002c, ioo2d, 1003c, 1588 may be used: 

2 RgNH + CSg -*■ R2N*CS*SNH2R2 

R2NH + CS2 + KOH ^ R2N*CS*SK + H2O 

Emulsifying agents may facilitate the reaction.®^®**’ 

The dimethyl ammonium salt of dimethyldithiocarbamic acid 
may be prepared by the action of dimethylamine on tetramethyl- 
thiuram sulfide in benzene at 100°.^^®* The diethylammonium 
salt of diethyldithiocarbamic acid, containing S has been pre¬ 
pared from carbon disulfide with two atoms of this isotope.®®® 
A study has been made of the kinetics of the sulfur exchange in 
NaS 2 CNEt 2 with radioactive sulfur under various conditions.®®®* 

601, 063 

The sodium derivative of a diaryl amine combines wtih car¬ 
bon disulfide: ®^^“’ ^^®^ 

Ph2NNa + CS 2 -*■ Ph2N*CS*SNa 

The required sodium derivative may come from sodamide and 
the amine.®^®* Dimethylformamide, HCONMe 2 , can take the 
place of dimethylamine in its reaction with carbon disulfide and 
alkali.’®® 

Heavy metal salts of dialkyldithiocarbamic acids are obtained 
by adding a dialkyl amine and carbon disulfide to an ammoniacal 
solution of a heavy metal salt.®®® Instead of a metal hydroxide, 
a heavy metal salt of a weak acid may serve in preparing dialkyl- 
dithiocarbamates. Thus ethylaniline, carbon disulfide, and zinc 
acetate give the zinc salt (PhEtN*CS*S) 2 Zn.®®® Boiling ethyl- 
aniline, carbon disulfide, and zinc hydroxide in alcohol gives the 
same salt.*’® Or metallic oxides, such as those of zinc, barium, 
lead, or copper, bring about the reaction.^®^®** Instead of the 
alkali, freshly precipitated and partially dried ferric hydroxide 
has been used with carbon disulfide and the amine to prepare 
ferric dibutyl-, dipropyl-, di-i-propyl-, and propyl-t-propyl- 
dithiocarbamates, (R 2 N*CS*S) sFe.®*® 

Ferric salts of improved stability can be made by adding water 
soluble ferric salts in less than chemically equivalent amounts 
to water solutions of dialiphatic dithiocarbamates.^^’®* 

The nitroso salts, (Me 2 N‘CS*S) 2 FeNO and (C 6 HioN‘CS*S) 2 - 
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FeNO, have been made starting with (N 0 Fe)S 04 . There are 
analogous cobalt salts, (R 2 N*CS‘S) 2 CoNO.^®^* Passing nitric 
oxide into a solution of chromous acetate and sodium diethyldi- 
thiocarbamate gives dinitrosylchromic diethyldithiocarbamate, 
(ON) 2 CrS*CS*NEt 2 .^®®®“ The corresponding extremely unstable 
vanadous salts, (ON)V[SCSNR 2 ] 2 , are diamagnetic.^®®®** The 
vanadium salt of diethyldithiocarbamic acid is quantitatively 
extracted from acid solution by ethyl acetate or chloroform 
The reaction of di- or mono-alkylated dithiocarbamates with 
aluminum salts yields a precipitate of a basic salt. With gallium 
salts easily hydrolyzable and with indium salts relatively stable 
dithiocarbamates are obtained.^*®® 

To prepare arsenic dimethyldithiocarbamate three molecules 
each of dimenthylamine, carbon disulfide, and sodium ethylate in 
alcohol are mixed and one molecule of arsenic trichloride is 
added at -15®. The salt (Me 2 N*CS’S) 3 As decomposes without 
melting. The diethyl, dipropyl, dibutyl, and di-i-butyl salts have 
been obtained by double decomposition from arsenic trichloride 
and the corresponding sodium salts.*®®^® Ruthenium, rhodium, 
and palladous dialkyldithiocarbamates have been prepared. The 
chromic salts, (R 2 N*CS*S) 3 Cr, are stable in air and in organic 
solvents. They have an intense violet blue color.^®®^® 

The preparation of a salt KUC 16 H 32 O 3 S 3 has been reported. 
Spectroscopic evidence indicates that this is the salt of the tetra- 
kis (diethyldithiocarbamate)-uranate ion.**®^ Ammonium uranyl- 
dithiocarbamates, [H 2 NRR'] [U 02 (S 2 CNRR') 3 ], have been pre¬ 
pared and their melting points determined.^^ 

Complex salts of polonium with dialkyldithiocarbamates of 
cobalt, bismuth, copper, and nickel have been prepared in which 
polonium has the valence three and coordinate number six.®®® 
Diphenylamine and titanium tetrachloride in carbon disulfide 
give the compound (Ph 2 N*CS*S) 4 Ti.^®’ 

Ethyl methylaminoacetate has been the starting point for mak¬ 
ing a mercury salt, (Et02CCH2NMe*CS*S)2Hg. Saponification 
results in the unstable sodium salt, (Na 02 CCH 2 NMe*CS*- 
S) 2 Hg.®®® There are others with different alkyls on the nitro¬ 
gen.^®®® The synthesis of the dithiocarbamates and xanthates of 
selenium II and tellurium II has been described in Inorganic Syn¬ 
theses.®®*® Some of these salts are thermochromic.®®*** 

The compound from a diamine and carbon disulfide is con- 
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veniently written as the free acid, Et 2 N(CH 2 )nNR*CS’SH, but is 
a cyclic inner salt or a polymer. This reacts with a dry heavy 
metal chloride to give a water-soluble amine hydrochloride, 
such as Et 2 N(CH 2 )nNR*CS*SAg*HCl. Alkali sets free the base, 
Et 2 N(CH 2 )nNR’CS*SAg, which still contains the metal.^^^^ 
Ammoniacal formaldehyde and carbon disulfide form the salt: 
(CH 2 :N*CS‘SNH 4 ) 3 , from which mercury, cobalt, zinc, nickel, 
and silver salts have been made.^®®®“ 

A large number of salts of iron, arsenic, zinc, nickel, cadmium, 
cobalt, copper, silver, and other metals have been made by 
double decomposition with the sodium and potassium salts from 
various dialkyl amines.^®’®' Many of the heavy metal salts 
have melting points, some of which are in the lists of physical 
properties. Copper salts can be prepared by shaking the corre¬ 
sponding thiuram disulfide with copper bronze in carbon disulfide 
or chloroform.®’ Sodium dimethyldithiocarbamate and cad¬ 
mium chloride under conditions of turbulent flow give a quan¬ 
titative yield of the salt.^®^* Cadmium ion and sodium diethyl- 
dithiocarbamate give the cadmium salt, soluble in organic 
solvents.®®^ A process has been described for the preparation of 
manganese dimethyldithiocarbamate.^** 

Cyanosubstituted secondary amines form dithiocarbamic acids 
which precipitate heavy metal salts.’^'* 

Trimethylamine combines wdth carbon disulfide to give 
Me 3 N*CS 2 , m. 125°. This forms compounds with acids and with 
mercuric chloride.^*^ The tertiary amine does not react at 25°.^®* 
Trimethylphosphine forms a 1:1 addition compound with carbon 
disulfide.^®* Triethylphosphine unites with carbon disulfide but 
the constitution of the product is not known.’^®’ ’’®‘’ This 
with the addition of methyl iodide forms a salt, Et 3 PCS 2 MeI, 
which is probably a phosphonium iodide.**^® 

Dithiocarbamates from Cyclic Amines 

An important group of dithiocarbamates is that in which the 
secondary amine is cyclic. The most available amine of this class 
is piperidine. Its derivatives have been extensively studied. It 
reacts readily with carbon disulfide to give the salt (CH 2 ) 5 N*- 
CS*SN(CH 2 ) 6 H 2 , piperidinium pentamethylenedithiocarbamate 
or pentamethyleneammonium pentamethylenedithiocarbamate.^**' 
043,1302,1710 silver, bismuth, copper, cobalt, lead, and manga- 
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nese salts have been studied.^’^ They are extremely insoluble. 
The manganese salt is oxidised rapidly in the air, as are the 
manganese salts of the corresponding dithiocarbamic acids de¬ 
rived from di-i-butyl and dibenzyl amines.^*^’’ Aminotrimethyl- 
piperidine unites with carbon disulfide. The product, H 2 NC 8 H 16 - 
NH'CS'SH, is written as the free acid, but it is to be regarded as 
an inner salt.’^® 

In ether solution trimethyleneimine and carbon disulfide form 
the salt (CH 2 ) 3 :N*CS*SH 2 N:(CH 2 ) 3 .«"« The cyclic ethylene- 
imine forms the salt (CH 2 ) 2 :N-CS-SH 2 *N: (CH 2 ) 2 .*'*' Ethylene- 
imine and carbon disulfide are used in making a synthetic resin 
which may contain dithiocarbamic units. The reaction may be 
carried out in various ways.®®*’ Other cyclic amines react 

similarly, (CH2)6N-CS*SN(CH2)6H2.^2i5a Carbon disulfide unites 
with formaldehyde-ethyleneimine, (CH 2 :N(CH 2 ) 2 )n, to give 
CS 2 ((CH 2 ) 2 N:CH 2 ) 2 , m. 

Piperazine and carbon disulfide form the acid HN(CH 2 CH 2 ) 2 - 
N*CS*SH, which is soluble in alkali but is decomposed by acids.^’* 
This reaction can be used to advantage in the detection of carbon 
disulfide.^®*® Imidazolyl dithiocarbamic acids have been simi¬ 
larly prepared. These compounds have been separated by paper 
ionophoresis.^’®* Compounds such as (-}-)H 3 NCH 2 CH 2 (C 8 Hi 7 )- 
NCS 2 (—) have been prepared from CgH^NH(CH 2 ) 2 NH 2 and 
carbon disulfide. These inner salts give l-alkyl-2-imidazolidine- 
thiones on heating or on treatment with carbon disulfide.**®’ 

N,N'-di-c-hexyl ethylene diamine forms a monodithiocarbamic 
acid which on heating loses hydrogen sulfide to give 1,3-di- 
c-hexyl-imidazolidinethione-2.*’*’ Morpholine, carbon disulfide, 
and alkali react,®*®’ ®*’ 


Reactions 

Salts of disubstituted dithiocarbamic acids decompose: **^*® 

(Me 2 N*CS*S) 2 Ca -> (Me 2 N) 2 CS + CaS + CS 2 

The formation of a thiourea by the action of an amine on a 
dithiocarbamic salt has been claimed: *^^* 

H0(X02C)CgH3NHCSSM + RNH 2 H0(X02C)C3H3NHCSNHR + MSH 

Zinc dimethyldithiocarbamate forms complexes with amines.’*’ 

1076a 
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Aldehydes react with dialkylammonium dialkyldithiocarbam- 
ates: 

RaN'CS’SNRgHg + OCHR' RaN^CS^SHRaiCHR' + H 2 O 

The similar reactions which take place with monoalkyl and un¬ 
substituted dithiocarbamates have been mentioned earlier in this 
chapter. Salts of dithiocarbamic acid react with chloramine, 
CINH 2 with cyanuric chloride,®^®- or with N-chlorosuc- 
cinimide to make vulcanization accelerators. 

Oxidative condensation of the sodium salt of a dialkyl dithio¬ 
carbamic acid and a primary or secondary amine yields a thiocar- 
bamyl sulfenamide: 

M« 2 N*CS*SNa + H 2 NCgHii Me 2 NCS*SNHCeHii 331c 

RR'N'CS'SNo + NHR"R"' RR'NCS*SNR"R"' 1332 

These are also accelerators.*®^® A mixed disulfide or alkyl sul- 
fenedithiocarbamate, RR'N*CS*SSR", is obtained by treating a 
dialkyldithiocarbamate, RR'N*CS*SNa, and a mercaptan, R'^SH, 
with thiocyanogen.®^®** Benzothiazolyl disulfide reacts with the 
salt to give the same type of compound.^^*® These are said to be 
powerful accelerators for the vulcanization of rubber.^®^® 

A salt of an N-substituted dithiocarbamic acid reacts with an 
alkyl thiosulfenyl halide in inert organic solvents to give alkyl- 
thiosulfenyl dithiocarbamates, RSS•S*CSNR'R'^^®®® An S-acyl 
derivative, such as Me 2 N*CS*SCOPh, a mixed anhydride rather 
than an ester, is a secondary accelerator.^=^^®® 

Properties 

Properties of specific compounds appear in the tables at the 
end of the chapter. 

Diethyldithiocarbamic acid is stable at pH Carbon 

disulfide and diethylamine in alcohol show an anodic wave due 
to formation of the salt. This can be used for analytical pur¬ 
poses.^®"®* At pH 7-12 the sodium salt of this acid gives an 
abnormally small anodic wave. Polarograms indicate dissociation 
constant is at least The polarographic behavior of the 

acid can be interpreted as a reaction with Hg 2 ++ and subsequent 
formation of a monomeric soluble mercury salt.®*^ The composi¬ 
tion, structure, and analytical application of the mercuric salt, 
Hg (SCSNEt 2 ) 2 , have been examined.*^'** 
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The solubilities in organic solvents of metal diethyldithiocar- 
bamates increase in this order: thallium, arsenic, zinc, ferric, 
nickel, cadmium, lead, cobalt, copper, silver, and mercury 
The solubility of zinc dimethyl dithiocarbamate in benzene and 
toluene in the presence of an organic base has been attributed to 
complex compounds formed with the free electron pair of the 
nitrogen atom in the base.^*®® 

The primary and secondary stability constants of several 
copper dialkyIdithiocarbamates have been determined in 75% 
ethanol-water solutions.®®^ The stabilities and magnetic prop¬ 
erties of a number of ferric, nickel, and copper salts, (R 2 N*CS’S) 3 - 
Fe,23« (R2N-CS-S)2Ni,235 (R 2 N-CS-S) 2 Cu, and (R 2 N-CS-S)Cu 
235 have been investigated, so have the polymorphism and mag¬ 
netism of the nickel and copper dipropyl, dibutyl, di-t-butyl, and 
di-t-amyl dithiocarbamates.^®®^ The planar configuration and 
diamagnetism of the nickel dipropyl- and dibutyldithiocarbam- 
ates have been studied.^®^ The crystal structures of nickel and 
copper dipropyIdithiocarbamates have been determined.Zinc 
diethyldithiocarbamate is monoclinic with four molecules per unit 
celi.i®io The electric moments of the dialkyldithiocarbamates are 
in accord with those to be expected of a symmetrical chelate 
arrangement of the radicals around the metals.^®®^®* The 
parachor values of diethylammonium diethyldithiocarbamate 
have been measured and found to disagree with the calculated 
values. The negative anomaly is attributed to resonance effects, 
H-bonds, and polar effects in the proposed structures.^^®- ^®® 

The infrared spectra and structure of a representative group 
of N,N-dialkyldithiocarbamates and their derivatives were in¬ 
vestigated.^^®® 


Physiological 

Potassium diethyldithiocarbamate is toxic to rats.®®® The zinc 
and copper salts of the dimethyl acid in the diet for two years 
did not affect growth or mortality of rats.^^® The dimethylam- 
monium salt of the same acid and diethylammonium diethyl¬ 
dithiocarbamate are not toxic to silk worms.®^^' ®®® The sodium 
salt of the dimethyl acid has low toxicity and kills spirochetes in 
dilutions of one in two million.^®®® The potassium salts of the 
monomethyl- and diethyldithiocarbamic acids had bacteriostatic 
effect in the presence of serum.®®® The sodium diethyl-, dibutyl-. 
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and di-i-amyldithiocarbamate and the dibenzylammonium salt 
of dibenzyldithiocarbamic acid are ineffective as bactericides but 
highly bacteriostatic on both gram positive and gram negative 
bacteria.^^*^ Certain dialkyldithiocarbamic acid salts are used 
in detergents because of their antibacterial activity.^®*® Zinc di- 
methyldithiocarbamate has been tested as a skin disinfectant in 
soap.^®“ 

The mode of action of sodium dimethyldithiocarbamate on 
Aspergillus niger has been examined.^®®® The effects of sodium 
diethyldithiocarbamate on various strains of B. suis and B. 
melitensis have been tried.®^® The toxic influence of copper could 
be reversed or prevented by diethyldithiocarbamate in growth 
and glucose metabolism in fluid cultures of Escherichia coli}*^^ 

The sodium salts, EtNH‘CS*SNa, Et 2 N*CS*SNa and PrNH*- 
CS'SNa, produce an increase in blood glucose in young rabbits.^'**® 
Diethylammonium diethyldithiocarbamate is therapeutically use¬ 
ful in several ways.^®^® Sodium diethyldithiocarbamate and 
piperidinium and sodium pentamethylenedithiocarbamate were 
toxic to sarcoma cells and embryonic mouse fibrocytes.^®®* Di¬ 
ethylammonium salt of diethyldithiocarbamic acid protects 
against immediate x-ray radiation (Co *® source) and inhibits 
post-irradiation effects on polystyrene.®®* Diethyldithiocarbam¬ 
ate greatly decreases or prevents the effects of a,P- and P,y- 
angelica lactones on the heart.^^®° It inhibits the anerobic oxida¬ 
tion of vitamin C in the press juices of various vegetables.^®®* The 
sodium salt prevented destruction of vitamin B 12 by copper, 
molybdenum, and others in the presence of ascorbic acid.^®*® The 
salts of diethyldithiocarbamic acid poison enzyme preparations 
for the oxidation of ascorbic acid by copper.^®^*®* ^®*^ Its sodium 
salt poisons cucumber and potato oxidases ^®^® and inhibits con¬ 
version of ammonium ions into nitrite and nitrate.**® The sub¬ 
stitution of an alkyl for a hydrogen atom of the amino-group in 
a dithiocarbamic acid increases its hyperglucemic power.®'**® 

Sodium diethyldithiocarbamate is active in inhibition of 
methylene blue respiration in the metabolism of erythrocytes.*®** 
It is a respiratory inhibitor for plant tissues.®^* Diethyldithio¬ 
carbamate is a respiratory inhibitor in the phosphate absorption 
of excised roots ®®® and of young barley.**®* It retarded the photo¬ 
chemical activity of isolated chloroplasts.®® 
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Foliage sprayed with zinc dimethyldithiocarbamate increased 
the glutamic acid content of sugar beets.®®® It has superior growth 
regulatory properties.®®® Plants grown in nutrient solutions at 
low levels of manganese and zinc, when sprayed with manganese 
and zinc dithiocarbamate salts showed increased manganese on 
the sprayed plants.^^®® Spraying with fermate increased the 
yield ®®^ and many demonstrators thought it also stimulated 
growth.®®® Sodium dimethyldithiocarbamate had inhibitory ac¬ 
tion on spore germination of molds.^®®® Derivatives of dithio- 
carbamates act as fungicides by inhibiting enzyme systems.®®® 

Determination of Dithiocarbamates 

The methods for determination of dithiocarbamates have been 
reviewed.^®^® The formation of the copper salt, which can be de¬ 
termined photometrically,^®® can be used to analyze for dithio¬ 
carbamates.®®®’ A chromatographic analysis serves for the zinc 
salts, Zn(SCSNR 2 ) 2 , where R is methyl, ethyl, or butyl.^®®® Vari¬ 
ous dithiocarbamic acids have been subjected to conductometric 
titrations using acids, silver nitrate, and iodine.^^®®* Dithiocar¬ 
bamate residues on food crops have been determined.^®®®* The 
method for determining the manganese salt of ethylene 6isdi- 
thiocarbamic acid has been given.^®®®® 

To determine a dithiocarbamate in a vulcanization accelerator, 
the material is distilled with dilute sulfuric acid. The carbon 
disulfide goes over and is caught in alcoholic potash and titrated 
with iodine. The amine is liberated and distilled into standard 
acid. The metal can be estimated.®®^ The accelerators can be 
extracted from vulcanized rubber with benzene and identified by 
the colors they give with copper, nickel, cobalt, and silver re¬ 
agents in acetic acid solution. The color reactions of thirty-two 
accelerators are listed.^®®^®- ^®®®® The accelerator, carbon tetra¬ 
chloride, and copper sulfate solution are agitated until a color 
develops or 1 g. of a finely divided vulcanizate is allowed to 
stand overnight with 6 cc. of acetone and the copper sulfate 
added.i^"* 

Dithiocarbamates can be titrated with a standard nickel sul¬ 
fate solution using dimethylglyoxime for a spot test.®®® 
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Acids 

Salts of Dithiocarbamic Acid as Pesticides 

Comparative studies have been made of the effectiveness of 
dithiocarbamates as fungicides and insecticides/®*®’ 

Dithio- and 6ts-dithiocarbamates show antifungal activity.®^* 
Control methods for orchard diseases have been reviewed/’®** It 
has been suggested that the toxicity of dithiocarbamates is due to 
their decomposition into amines and carbon disulfide/^** This 
decomposition has been studied/®^*- **®® Their fungicidal action 
has been reviewed.®®® 

Sodium dimethyldithiocarbamate is effective against various 
pests.2« Its fungistatic action is said to be due to combination 
with copper ions making them unavailable to fungi.Metals 
and chelating agents complex with it for effective fungitoxic ac¬ 
tion.*®®* The absorption and fungitoxicity of radioactive potas¬ 
sium dimethyl- and dipropyldithiocarbamate have been stud¬ 
ied.**®* Experiments on sodium dialkyldithiocarbamates failed to 
bring forth any correlation between absorption rate and fungi¬ 
static action.^** 

The ferric salt, (Me 2 N*CS‘S) 3 Fe, is known as Fermate or 
Ferbam and has been used in the control of various plant dis¬ 
eases.-*’ *®’ *®-’ *-*’ *’®’ **^’ **’’ ^®*’ -’®’ ***’ ***’ **^’ **®’ ^^*’ ^^’®’ 

479a, 493, ,'■..30, 611, 624, 626, 654, 6.56, 665, 677, 678, 697, 758b, 764, 801, 842, 843, 924, 
986, 990, 992a, 1012, 1030, 1073, 1074, 1084, 1085, 1109, 1112, 1144, 11.50, 1152, 1153, 
1199, 1222, 1223, 1261, 1262, 1269, 1289, 1303, 1307, 1308, 1321, 1341, 1378, 1405, 1418, 
1466, 1485, 1518, 1574, 1.580, 1581, 1587, 1594, 1600, 1616, 1619, 1090, 1706, 1731a, 
1731b, 1746, 1747, 1748, 1749a, 1749c, 1783 

Zerlate, (Me 2 N-CS-S) 2 Zn,**®’ *20, 329, 38i, 389, 546, 503,758a, 758b, 759, 

901, 983, 1012, 1013, 1030, 1110, 1199, 1223, 1378, 1405, 1466, 1518, 1.595, 1747, 1749a, 

1749b, 1783 Methasan *’*®®’ *’** a mixture of this zinc salt with 
Fermate, have attracted some attention. The complex with 
c-hexylamine is an active ingredient in pesticides.*®’®® 

The cadmium, copjicr, zinc, and sodium dimethyl- and diethyl- 
dithiocarbamates have been tested against various insect pests.*®^ 
The fungicidal and phytocidal properties of sodium, iron, lead, 
zinc, copper, silver, and mercury dimethyl-, diethyl-, and dibutyl- 
dithiocarbamates have been studied.**® The sodium, cadmium, 
zinc, mercury, iron, and copper salts of dithiocarbamic acids, 
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RR'N*CS*SH, have been claimed as bactericides, fungicides, and 
insecticides.^^*’ * 2 ®’ Dithiocarbamates are said to be useful 
in sprays to protect wheat against rust.®*’** 
i-Alkylthio zinc salts are fungicides and insecticides.^^* Mono- 
and dialkyl arsenic salts show bactericidal and fungicidal prop¬ 
erties.**®® 

Sodium pyrrolidine dithiocarbamate has been used in the ex¬ 
traction of heavy metal ions from soil.*®®* 

Heavy metal salts of the dithiocarbamic acid, 0(CH2CH2)2- 
N'CS*SH, derived from morpholine are said to be useful as 
insecticides and fungicides.^®®" Water-insoluble salts of certain di¬ 
thiocarbamic acids can be made dispersible, for use in agricul¬ 
tural spray formations and in rubber latex compounding, by 
treating with surface-active agents.®** Inorganic sulfite stabi¬ 
lizes solutions of salts.**® 

Disubstituted Dithiocarbamates in Analysis 

Dialkyldithiocarbamates react well with salts of metals form¬ 
ing colored bodies which serve to detect very small traces of the 
metallic salts, especially when the colored compound is extracted 
with ether or benzene.**®*^ The use of disubstituted dithiocarbam¬ 
ates as precipitants for metals in place of hydrogen sulfide has 
been reviewed.*** The reactions of thirty-two ions with dithio¬ 
carbamates have been described and their sensitivity shown.*®®* 
The use of substituted dithiocarbamates in microchemical anal¬ 
ysis has been discussed.**’ *®®^*’ **®® 

Diethyl dithiocarbamic acid is a reagent for copper and bis¬ 
muth.**** It forms complexes with gold and palladium.*** The 
diethylammonium salt can be used for the determination of iron, 
copper, and manganese.**** This salt is said to give good re¬ 
sults in the colorimetric determination of copper in the presence 
of lead.*®®® 

Sodium diethyldithiocarbamate, Et 2 N*CS‘SNa, is a valuable 
analytical reagent.*** It can detect copper ions down to 1 part 
in 100,000,OCX) of water.**®’ *®®«’ ®®*’ ***® The copper salt has a 
golden brown color. In dilute solutions the color is proportional 
to the amount of copper present. It can be extracted from aque¬ 
ous solutions by i-amyl alcohol ***®" or by carbon tetrachloride.®®** 
*®® By its aid copper can be determined colorimetrically **®’ *®*’ 

304 , 325 , 403 , 482 , 641 , 661 , 690 , 710 , 775 , 833 , 856 , 975 , 082 , 985 , 1186 , 1190 , 1239 , 
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1200, 1271, 1478, 1479, 1490, 1697, 1033, 1038, 1089, 1740 qj. photOmetrically.”^^’ 
300, 308, 492, 022, 099, 702, 739, 790, 798, 1283, 1288, 1005 jg yged in the 

chromatographic analysis of molybdenum, copper, nickel, cobalt, 
and iron. 

This reagent has been used for the estimation of copper **•’• 
1097b, 1232, 1550, 1573, 1729 jjj distilled Water,^2* in drinking water,*“® 

in river and sea water in distilled liquors,*^^- in 
milk,®25, 1130 jjj foods,®^*’ in 

drugs,^®*’ in biological materials,®®®* **®’ ^®®®’ 

1020 c jjj blood,®®®* ^®®* *®^* ^®®®* ^^®®* ^^^** in blowflies,^®®® in 
plants,®^* ^®®^* ^®®®* ^®®^* ^®®* in fabrics,^®® in dyes,^^^^* ^®®® in rub¬ 
ber,^®® in mineral oils,*®® in spray residues,®®** ^^^®* ^®®* and other 
organic materials,^®®* in aluminum,^®^* ^^®®’ ^®^^* ^®®® in steel,^®^* 
702,776,1470,1005,1089 ferrous alloys,^®®* ^®* in lead,®®^ and in 

phosphorous.^®® 

It has been employed for zinc,^®* ^*'‘®* ®®^* ®*®* ®^^* ®®^* ^*®* m®®> 

1133, 1200, 1351, 1482, 1003, 1704 £qj. 604, 000, 057, 906, 1200, 1478, 1573, 

1626a, 1026b, 1027, 1729 fQj. ifon,^®*®* 1®®^* 1508a, 1775 £qj. cobalt,®*^* 1*»'®* 

1312,1424 fQj. nickel,^^* ®*^* i**i*- i2®i> i^®^ for mercury,^^^** ^®^®* ^®*^* 
17®® for silver,i®*7®’ i^i*. i®!® for bismuth,“'‘'=* ®«®* *®** i^^s, 1573 
platinous ion,i®®® for cadmium,®*^* i®^®- 1®®®* i^®® for magnesium,ii** 
for aluminum,iii* for arsenic,!®^® for molybdenum,!®^® and for 
other metals.®®!* ®®7* i**7®> i®®i> i®!* 

The sodium salt can be used as an indicator in the detection of 
traces of copper using an antimony electrode.!®!® Paper impreg¬ 
nated with the sodium or zinc salts may be used for spot tests.®®® 
With osmium tetroxide it gives a violet color.®! At pH 4-5 indium 
is precipitated quantitatively as (Et 2 N*CS*S) 3 ln.®®®* i®!® Tellu¬ 
rium ®®® and nickel!! have been determined photometrically with 
this sodium salt and tantalum determined colorimetrically.!!!® 
The removal of interfering ions in these determinations has been 
reported.®!®*!®®® Detailed considerations of the pH and other 
conditions in these analyses have been discussed.!!® Sulfur diox¬ 
ide may be estimated by oxidation to the sulfate and analysis 
for the copper salt.®®! This sodium salt can be used for the sepa¬ 
ration ®*!®®®® and detection of metal ions by extraction pro¬ 
cedures.® 

The lead salt has been used to analyze for traces of copper.!®®® 
Silver diethyldithiocarbamate has been used for the photometric 
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determination of arsenic.^*®® It has been used in the analysis of 
arsine, phosphine, and stibine.^*®’ 

Conversely diethylamine and cupric acetate make possible the 
detection of carbon disulfide ^®^® down to 1-30 y. Its 

vapor is absorbed in a mixture of diethylamine and triethanol¬ 
amine and a solution of copper acetate added.®^* ®^*’ ®^^' A 
photoelectric colorimeter may be used.^*®^ The reaction with 
piperidine is so complete that it can be used for the detection and 
estimation of carbon disulfide.®®®® This is said to be more accu¬ 
rate than the xanthate method and suitable for detecting 0.01 to 
0.07% of carbon disulfide in benzene by the color of the copper 
salt.^®® The sodium salt (CH 2 )fiN*CS*SNa, is useful for the quan¬ 
titative precipitation of copper, cobalt, and zinc ions.^®®’® 

Secondary amines have been analyzed with nickel dithiocar- 
bamates.^®^^ Dimethylamine has been determined in biological 
fluids using carbon disulfide and copper sulfate.^®®' ’^® Exchange 
experiments have been made with various metal complexes of 
N,N-dipropyldithiocarbamates.^®®’ 
Di(hydroxyethyl)dithiocarbamic acid, (HOCH 2 CH 2 ) 2 N*- 
CS*SH, is a sensitive reagent for copper.^®*- *®® The reagent is 
made by adding 1 g. carbon disulfide to 10 g. diethanolamine in 
85 cc. methanol and diluting to 100 cc.^®*- *®® This acid has been 
used to mask interfering ions in the determination of ions by the 
dithizone method.®®^ 

Sodium cyclohexyl-ethyldithiocarbamate detects copper, iron, 
bismuth, cobalt, and antimony ions in extreme dilution .'^®^ The 
sodium salt of pentamethylenedithiocarbamic acid has been used 
in metal analysis.^®® o-Aminophenyldithiocarbamic acid has been 
applied in chromate determinations.®®^ 

Dialkyldithiocarbamates as Vulcanization Accelerators 

Various salts of dialkyldithiocarbamic acids are vulcanization 
accelerators ®®’ ®®^’ ®®®’ ®®®' ®®®’ ®®®’ 

Zinc salts have received special attention.®®^- ®®®’ ®^®’ ®®’’ ®’®- ^^’®“ 
The zinc salt, (Me 2 N*CS*S) 2 Zn, induces rapid vulcanization of 
rubber.^^®®’ ^^®^’ ^®®®' ^^^® This and others of its class are claimed 
as constituents of vulcanization accelerators.®®®* ^®^^®* ^’®^“ The 
zinc and lead salts are powerful accelerators, while the magne¬ 
sium and calcium are not.^^®®® The complex of the zinc salt with 
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c-hexylamine is useful.^®^®* Zinc salts of dithiocarbamic acids 
containing furyl and tetrahydrofuryl groups have been pat¬ 
ented Zinc and other metal salts of dialkyldithiocarbamic 
acids are claimed as secondary accelerators.^^^®*** The 

cadmium salt, (Et 2 N*CS*S) 2 Cd, is said to be a vulcanization 
accelerator.1*^*“ The copper, cobalt, zinc, cadmium, and nickel 
salts of dibutyldithiocarbamic acid are vulcanization accelerators, 
the zinc salt being the best.*®® A copper dialkyldithiocarbamate 
is an activator for vulcanization accelerators. The presence of 
the group :N*CS*S* is beneficial.^*^^ 

Alkali salts such as Bu 2 N’CS*SK and Hep 2 N*CS*SNa ^^®** and 
a tertiary cyclohexyl amine salt of a dialkyldithiocarbamic acid 
are said to aid in vulcanization.^^**' Diethylammonium diethyl- 
dithiocarbamate is claimed as a constituent of a vulcanization 
accelerator.®*^ It has been suggested that this salt can be used 
in combination with a xanthate.**^ The reaction product of this 
salt with ethyl chloroformate is recommended for the same pur- 
pose.^*^^ The curing properties of dimethylammonium dimethyl- 
dithiocarbamate have been contrasted with the corresponding 
compound from diethylamine.^^^^ Compounds from alkoxy- 
amines, (MeOCH 2 CH 2 ) 2 NH, (EtOCH 2 CH 2 ) 2 NH, (MeOCH 2 CH 2 - 
CH 2 ) 2 NH, and (EtOCH 2 CH 2 CH 2 ) 2 NH, and metal salts derived 
from them are said to be vulcanization accelerators. Some of 
these salts are balsamic or liquid.®** 

Di-^-alkoxyethylamines have been combined with carbon 
disulfide. The products, [ (RO) 2 CH-CH 2 ] 2 N-CS-SH, and their 
salts are said to be useful as vulcanization accelerators.^®^^* Ac¬ 
celerators for low temperature curing are said to be produced 
from a secondary amine, an aliphatic acid, and carbon disulfide.^®^ 
The products of secondary amine salts with aldehydes, R 2 N‘CS*- 
SNR 2 :CHR', are claimed as accelerators.^®®’ Various cyclohexyl 
compounds have been recommended.’®’®’ *’*“• ®®®’ ’®®’ 

Piperidinium pentamethylenedithiocarbamate has been recom¬ 
mended as a vulcanization accelerator,*®’ **• ^^*’ ’**®’ ’®®*’ ’^*’ 

so has its reaction product with cthylchloroformate.’*^’ This can 
be made by bringing the reactants together in acetone.’®’* The 
piperidinium dithiocarbamate solutions are said to be stabilized 
by water soluble sulfides.”®*’ ”®’* This compound seemed to 
prevent oxidation between synthesis and compounding.*®® Penta- 
methyleneammonium pentamethylenedithiocarbamate,’®’® other 
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dithiocarbamate compounds, a zinc salt, such as (Et 2 N*CS*S) 2 Zn, 
and 2,4-dinitrophenylpentamethylenedithiocarbamate are 

used along with other compounds as accelerators. The zinc salt, 
[(CH 2 ) 6 NCS*S] 2 Zn, is an activator for a vulcanization acceler- 
ator.21^ 

Other cyclic imines react similarly. Hexamethyleneammonium 
hexamethylenedithiocarbamate, (CH2) eN*CS*SN (CH2) eH2 

and compounds derived from it are claimed as accelerators. 
This salt has been compared with sodium and zinc dibutyldithio- 
carbamates in the vulcanization of latex films on porous surfaces.^ 
The sodium, zinc, cadmium, and lead salts of dimethylenedithio- 
carbamic acid, (CH 2 ) 2 :N*CS*SH, are claimed as vulcanization 
accelerators.^’®® Piperidine and carbon selenosulfide react to give 
piperidinium pentamethyleneselenothiocarbamate which may be 
used as a vulcanization accelerator.’^’^* 

Miscellaneous Uses 

Dialkylammonium dialkyldithiocarbamates, RR'N*CS*SNH 2 - 
RR', when added to lubricating oils in small concentrations, are 
said to permit oxidation and sludge formation.*®*’ *** A com¬ 
pound of this type in which R is cyclohexyl and R' either cyclo¬ 
hexyl or some other alkyl is said to homogenize a rust preventive 
composition.’^®* 

Zinc salts of dialkyldithiocarbamic acids, (RR' 2 N*CS*S) 2 Zn, 
in which R and R' may be butyl, amyl, 2-ethylhexyl, or benzyl 
are claimed as additives to lubricating oils for internal combus¬ 
tion engines.’®” Metal and alkylamine salts of dialkyldithio¬ 
carbamic acids are said to give antioxidant and detergent prop¬ 
erties to the oils.^^'*’ ’*®’ ’*’*• Oil soluble ferric salts, (RR'N*- 
CS’S) 3 Fe, are recommended as stabilizers for lubricating oils.^®^ 

Tertiary alkylthio zinc dialkyldithiocarbamates,**’ tin diamyl- 
dithiocarbamate,’®®® and similar salts are claimed as corrosion 
inhibitors. The compounds from carbon disulfide with piperidine, 
pipecoline, piperazine, and tetrahydroquinoline are recommended 
as antioxidants and stabilizers for lubricating oils.®®* The zinc 
salt of pentamethylenedithiocarbamic acid is said to be useful 
in increasing the resistance of a lubricating oil to oxidation.^*** 
Zinc, cadmium,^*’’ ®*^’ ”*® and lead ®*^ salts of various acids are 
additives for lubricating greases. 

Sodium dimethyldithiocarbamate with sodium polysulfide stops 
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free-radical-initiated emulsion polymerization reactions.^^ Metal 
salts of the acids from piperidine and morpholine added to the 
mix stops the copolymerization of butadiene and styrene at 50 to 
80%.^^®® Unsaturated polyamides are improved by heating with 
sulfur and an accelerator such as the zinc salts of the diethyl- or 
ethyl-phenyldithiocarbamic acid.®^® Zinc dibutyldithiocarbamate 
added to rubber is useful as an adhesive on tape.*® The copper 
content controlling action of sodium diethyldithiocarbamate in 
linoleic acid autooxidation has been investigated.^®®® The di- 
methylammonium salt of dimethyldithiocarbamic acid is an im- 
pregnant for acetylation of cellulose.^®*® Sodium diethyldithio¬ 
carbamate serves as an antioxidant for butter.^®®® Dithiocarbam- 
ates are conversion agents for the change of cis-a,p-unsaturated 
acids and esters to the trans form.^^^^® 

N-Methylglucoseamine reacts with carbon disulfide and alkali 
to form a polyhydroxyalkyl- alkyldithiocarbamate from which 
metal salts can be prepared. These are recommended as additions 
to elastomers and as intermediates for pharmaceuticals.®^®® The 
fact that nickel diethyldithiocarbamate, (Et 2 N*CS’S) 2 Ni, is 
highly colored may be made use of in photography. A nickel- 
toned print is treated with sodium diethyldithiocarbamate.^®®* 
Wetting agents suitable for mercerization can be obtained 
from secondary amines with propyl or higher alkyls.®^^®> ^^*® Al¬ 
kali metal dithiocarbamates may be used in froth flotation.^^®® 
The effect of sodium diethyldithiocarbamate and i-propyl xan- 
thate on pyrite, etc. was studied in relation to its effect on polar¬ 
izing angles of pyrite, coal, and feldspar.^^^^® 

The c-hexyl amine complex with zinc dimethyldithiocarbamate 
is a deer repellant.^* 

Dithioubethans 

These are simply the esters of the dithiocarbamic acids. There 
are three classes, depending on the extent to which the nitrogen is 
alkylated: 

1. HgN'CS'SH H2N*CS‘SR 

2. RHN*CS*SH RHN<S*SR' 

3. RgN'CS'SH RgN'CS'SR' 

The dithiourethans, being half esters and half thioureas, par¬ 
take of the properties of both. The thioureas are mostly solids 
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while the thiocarbonic esters are liquids. Some of the dithioure- 
thans are liquids and others are low melting solids. When the 
nitrogen is completely alkylated they can be distilled provided 
the alkyls are not large. These esters show high molecular asso¬ 
ciation provided at least one amino hydrogen remains unsubsti- 
tuted.^^® 


Preparation 

Certain preparation methods serve for all three classes while 
others are for a particular one of the three. 

The most generally useful is the alkylation of salts of the acids. 
As was shown in the last section, these salts are easily procured 
and, being sulfur compounds, they react readily with alkylation 
agents. The ammonium salts react well: 

HjN'CS'SNH^ -f RBr ^ HjN^CS'SR + NH^Br 

HjN'CS'NH^ + PhCH<2CH2Br -> HaN'CS'SCHgCHjPh -f NH4Br 173b 

With a reactive halide such as allyl chloride no heating is re¬ 
quired. The ammonia, carbon disulfide, and allyl chloride are 
stirred together in alcohol and cold water added to precipitate the 
ester: 

2 NHg - 1 - CS2 + CgHgCI ^ HgN'CS'SCgHg -f NH4CI 

Salts of stronger bases react even more readily: 

RNH*CS*SNHgR + R'Br -> RNH*CS*SR' -f- NHgRBr 
RNH<S*SK -f- R'Br -> RNH<S‘SR' + KBr 

2Me2N*CS*SNa -f CHgCIa -> CH2(S*CS*NM*2)2 -f 2 NaCI l«07 

2 Et 2 N*CS*SNa + ClgCHPh -* PhCH(S<S*NEt2)2 -f 2NaC|22ea 

The halide may be a chlorinated aldehyde,^^^^** chlorinated cyclo¬ 
hexanone,an a-chlorinated ketone,®^®’ 1372 , 1645 qj. 

9-chloroacridone.^®® Several chlorosubstituted alkenyl dithiocar- 
bamates such as Me 2 NCSSCH 2 CH:CMeCl have been similarly 
prepared.^^*’ Compounds of the formula R 2 NCSSCH 2 CH 2 - 
NMe 2 have been prepared.®®®®- ^®®® A number of complex dialkyl 
dithiocarbamates have been prepared for testing as bacteri¬ 
cides.^®®® Ammonium 2-methyl-4-amino-5-pyrimidylmethyl di- 
thiocarbamate reacts with ACCHCICH 2 CH 2 OH to give the de¬ 
rivative of vitamin Bi with an SH group on the 2 position of the 
thiazole ring.^®®^ Complex thiourethans containing the acetonyl 
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and pyrimidyl groups have been preparedJ®^> 

1777, 1780, 1781 

Halogenated acids react well. Thus, ammonium dithiocarbam- 
ate reacts with a salt of chloracetic acid: 


NHg'CS'SNH^ + CICHgCOONa -> NHg'CS'SCHgCOaNa + NH 4 CI 

The free acid, NHs-CS-SCHaCOsH, melts at 137°. If it is held 
there for a minute, gas is evolved and it resolidifies to melt again 
at 169°. The anhydride has been formed. Anhydride formation 
takes place if the acid stands in acid solution.^®®^’ This acid 
inhibits thyroid action.^® The sodium salt in acid solution forms 
rhodanine.®®^ This will be taken up in Volume V. The acids, 
R 2 N‘CS’SCH 2 C 00 H, can be esterified and form amides and 
phenylhydrazides.^®^” L-Bromosuccinic acid has been used to pre¬ 
pare the acid, Et 2 N-CS*SCH(C 02 H)CH 2 C 02 H. 88 ^« 

P-Propiolactone adds to ammonium dithiocarbamate or the 
free acid to give P-dithiocarbamic propionic acid: 844b, eee, 607 

OCHgCHgC O + H 2 NCSSH -♦ H 2 NCSSCH 2 CH 2 COOH 

Mono- and di-substituted dithiocarbamic acids give the same 
reaction. P-Dithiocarbamyl carboxylic acid amides or hydrazides 
such as H 2 NC (S) SCH 2 CH 2 CONH 2 , are useful as insecticides, 
fungicides, plant hormones, and polymerization modifiers.®®®® 

Or the amine may be an amino acid and the dithiocarbamate 
formed alkylated. Carbon disulfide, aminoacetic acid, and alkali 
give the salt, KS*CS*NHCH 2 COOK, from which, with ethyl bro¬ 
mide, the acid, EtS*CS*NHCH 2 C 02 H, can be obtained. The orig¬ 
inal acid can be esterified to HS*CS*NHCH 2 COOEt. The acid 
H 02 C-CH 2 NH-CS-SCH 2 C 00 H loses water :®®i 


^CHgCO-OH 

'^CS*NHCH2CCX)H 


CHoCO 

^ I 


\ 


CS*NCH2C00H 


The resulting cyclic compound is a rhodanine.^®^®- ®®® Starting 
with alanine and alkylating with ethyl bromide the acid, EtS*CS*- 
NHCHCMelCOoH, has been prepared. The active forms melt 
at 107° and the racemic at 114°.®^^® With chloracetoacetic acid 
the dithiocarbamic acid formed reacts further to give ethyl 2-mer- 
capto-4-thiazole acetate. Chloromalonic acid gives a rhoda- 
nine.®®® a,P-Dihaloethers give disdithiocarbamic esters which are 
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useful for vulcanization accelerators, insecticides, and fungi- 
cides.^^2^“ Products claimed to have antibiotic activity for use in 
plant pathology are obtained by a two step synthesis: (1) treat¬ 
ing ammonium dithiocarbamate with an alkyl or aryl dihalide, 
and (2) rearranging the ester so formed to the dithioisocarbamic 
ester: 

2 H2NCSSNH4 + (CHaCOj -> (H2NCSSCH2)2 + 2 NH4CI 

(H2NCSSCH2)2 -> (HN:(SH)SCH2)2 

In preparing esters of dialkyldithiocarbamic acids from dialkyl 
amines it is not necessary to isolate the intermediate salts. The 
two reactions take place consecutively in the same medium. The 
secondary amine and the carbon disulfide are put in and the alkyl 
halide added to the mixture: 

2 R 2 NH + CS 2 -> R2N*CS*SNH2R2 

R2N*CS*SNH2R2 + R'Br R2N*CS«SR' + NH2R2Br 

Or the halide may be added to a mixture of the amine, alkali, 
and carbon disulfide. Both reactions are rapid. When 0.2 moles 
of carbon disulfide is added dropwise to equivalent amounts of a 
dialkyl amine and potassium hydroxide in 40 cc. of 75% alcohol, 
the temperature being kept below 20°, and then an equivalent 
amount of sodium chloracetate is added, the yield of the acids, 
R2N*CS*SCH2C02H, is nearly quantitative.*®^** These acids can 
also be made from a chloronitrile: 

R2NCS*SNa + CICH2CN R2NCS*SCH2CN + NaCI 

R2NCS«SCH2CN -f- 2 H2O R2NCS*SCH2C00H + NH3 

A diazonium salt may react as an alkyl halide: 

PhNaCI -f- MeaN'CS'SNa -> M*2N*CS‘SPh + N2 -b NaCI 

The trimeric ammonium methylenedithiocarbamate gives the 
methyl ester with methyl iodide: 

(CH2:N*CS*SNH4)3 -b 3 Mel -> (CH2:N«CS*SMe)3 -b 3 NH4I 

Benzyl chloride reacts with the complexes formed from piperazine 
and carbon disulfide to form mono- and di-esters.^^* l-Bromo-4- 
methylethylene-o-phenylenediarsine reacts with a dithiocarbamic 
salt.ii®i 

Another general method is the reaction of the dithiocloro- 
formates with ammonia or an amine: 
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NHg + RS*CS*CI -> HgN'CS'SR + HCI 
RNHg + RS‘CS*CI -> RHN«CS*SR + HCI 

RgNH + RS‘CS*CI -> RjN'CS'SR + HCI 


For the N-dialkyl ester the sequence may be reversed: 385, 

650, 1363 


RgN'CS'CI + R'SH -> RgN'CS'SR' + HCI 

The dialkylthiocarbamyl chloride is from a dialkylamine and 
thiophosgene: 

2 RgNH + SCCI 2 ^ RgN'CS’CI + RgNH^Cl 

The utility of these reactions is limited by the difficulty of ob¬ 
taining thiophosgene. The thiocarbamyl chloride can also be 
prepared by the action of chlorine on a thiuramdisulfide dispersed 
in carbon tetrachloride.^®*^*’ The synthesis of diethyl thio¬ 
carbamyl chloride has been given in Organic Syntheses.*®^ This 
compound in carbon tetrachloride adds chlorine to form a per- 
chloride.^'*®**’ 

An ester of the first class results from the addition of hydrogen 
sulfide to a thiocyanate: 

R—SCN + HgS NHg'CS'SR 

The ethyl ester was prepared in this way by Jeanjean in 1863.®®^* 
An alkyl halide is added to a suspension of ammonium thio¬ 
cyanate in alcohol and hydrogen sulfide passed in.^*®* Hydrogen 
sulfide reacts with a cyano group to form a thiocarbamyl group.®®* 
Esters of the second class result from the addition of a mustard 
oil to a mercaptan: 

EtNCS + EtSH ?± EtNH'CS’SEt 

This product was not stable and decomposed into its con¬ 
stituents.^®** 

i-AmN:C:S + PhSH -*■ i-AmNH'CS'SPh 1734 b 

PhN;C;S + EtSH PhNH’CS’SEt 1734 b 

PhN:C:S + PhCHgSH PhNH’CS'SCHgPh 587 

Certain dialkyldithiocarbamic acids add to acrylonitrile to 
give P-cyanoethyl dithiocarbamates.^*^* The reaction with acryl¬ 
amide is similar.^^^ An aliphatic secondary amine, ethylene, and 
carbon disulfide yield vinyl dithiocarbamates.^^® 2-Mercapto- 
ethyl esters of disubstituted dithiocarbamic acids add to benzo- 
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quinone or naphthoquinone to form thioethers in the two posi- 
tion.*«82 

Reactions 

Dithiourethans, except those that have two alkyls on the 
nitrogen, are decomposed by heat: 

RNH*CS*SR' -*■ RN:C:S + HSR' 

A dithiourethan being an ester can be hydrolyzed: 

RNH*CS*SR' + 2 KOH -*■ RNH*CS*OIC + KSR' 

An amine displaces the mercaptan: 

NHa'CS'SR + HNR'a -> NH2*CS‘NR'2 + HSR 

The thiourea may, or may not, isomerize to a thiocyanate salt. 
This depends on the number and character of the substituents. 
The hydrolysis of a dithiourethan is a preparation method for 
mercaptans.®** Allyl and cinnamyl mercaptans have been made 
in this way: 

NH2<S*SC3H5 + 2 KOH -*■ NH 2 ‘CS‘ 0 IC + KSC3H5 

Mercaptans thus prepared are free from sulfides. Piperidine 
serves well as the amine: 

2C5H10NH + CS2 CgHioN-CS-SCgHioNHj 

CgHioN'CS'SCgHioNHj + Rl -*■ C5Hn)N<S*SR + CgHioNH'HI 

CjHjoN'CS'SR + 2 KOH -> CgHj^N'CS^OK + KSR 

This has been useful for making the higher dithiols. Reference 
should be made to chapter 1, Volume I. The ketoesters, 
MeCOCH 2 SCSNRR', are resistant to acid hydrolysis.^^®"*" 

As is well known, an alkyl halide adds to thiourea: 

NH2'CS*NH2 + RBr NH:C(SR)NH2*HBr 

The free base is unstable: 

NH;C(SR)NH2 NH 2 CN + HSR 

Acting as a modified thiourea, a dithiourethan undergoes anal¬ 
ogous reactions: 8®^® 

HjN'CS'SR + R'X -*■ HN:C(SR)SR'*HX 

The product is a salt of the base, NH:C(SR)SR', which can be 
liberated by the addition of the exact amount of alkali. The 
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free bases are oils which are not stable. They form salts with 
acids and can be characterized by their picrates. They break up 
into mercaptans and thiocyanates: 

NH:C(SR)2 RSCN + HSR 

They are decomposed by alkali into a variety of products accord¬ 
ing to conditions. With nitrous acid nitrogen is eliminated: 

HN:C(SR)SR' + HNO2 ■*’ OC(SR)SR' -|- Ng -|- HgO 

This is a method for making dithiolcarbonates; another is the 
hydrolysis of the salts of these bases: 

HN;C(SR)SR'*HX OC(SR)SR' + NH^X 

Ethylene-6is-thiourethan reacts with hydrochloric acid: 

CH 2 S*C 0 *NH 2 CHjS 

I 4- 2 HCI -»• [ ^CNH*HCI + NH4CI -f CO, 

CHjS'CO'NHj CHjS^ 

This forms a silver salt, may be alkylated and acetylated on the 
nitrogen. The treatment with a primary amine replaces :NH by 

The presence of a substituent on the nitrogen influences the 
nature of the products but does not hinder the reaction with an 
alkyl halide: 

RNH<S*SR' + XR" -»• RN:C(SR")SR'*HX 

PhNH*CS*SCH2Ph + CICH 2 PH -»• PhN:(SCH2Ph)2*HCI 587 

The base RN:C(SR")SR' can be liberated from this salt. The 
compounds RN:C(SR")SR', are bases and form salts. The pic¬ 
rates crystallize well. They form double iodides, RN:C(SR")- 
SR'*HgI*Hgl 2 , with mercuric iodide. They can be reduced by 

sodium: 412b, 412d, 415a 

RN:C(SR')2 4 - 2 No -)- 4 H -*■ RNHCH3 + 2 NaSR' 

They can be hydrolyzed partially or completely: 

RN:C(SR')2 4 - H2O -»• RNH2 4 - 0C(SR')2 

RN:C(SR')2 4 - 2H2O -»• RNH2 4- CO2 4 - 2R'SH 

The triphenyl oxygen analog is isomerized when heated to 330°: 

PhN:C(OPh)2 -*■ Ph2N*CO*OPh 

The sulfur compound does not appear to rearrange but, when 
heated to a high temperature, decomposes into products which 
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indicate that the isomerization has taken place.^^* The phenyl- 
hydrazine derivative of the ethylene ester is converted to ethylene 
dithiocarbonate by heating with dilute sulfuric acid: 


XH, 

PhNH*N:C^ | + HgO 

^SCHj 



PhNH*NH2 


The dialkyldithioiu’ethans, R 2 N*CS*SR', can not undergo the 
above reactions, since there can not be a double bond between 
the nitrc^en and carbon atoms. They do not add alkyl halides. 
They are not basic, do not dissolve in acids, do not form picrates. 
There is a marked difference between the isomers in physical 
properties as appears in the data in Table 1.3.^®*”’ 


Table 1.3 

Properties of RtN*CS’SR and RN:C(SR)t 



B.p. 

d 0/4 


m. 

b. d 0/4 

MeN:(SMe), 

192" 

1.1383 

Me,N-CS*SMe 

47" 

243" 

EtN:C(SMe), 

200.6" 

1.0848 

Me,N*CS-SEt 

— 

262" 1.1266 

MeN:C(SEt), 

216" 

1.0489 

Et,NCS*SMe 

2" 

286" 1.0977 


In the three cases where the data are given for both isomers, the 
esters R 2 N‘CS*SR', boil 51“ higher than R'N:C(SR) 2 - The densi¬ 
ties are also much higher. The same is true of the melting points. 
Reduction of the trimethyl ester, Me 2 N*CS*SMe, by sodium in 
alcohol gives trimethylamine, Me 2 NCH 2 NMe 2 , methyl mercap¬ 
tan, and sodium sulfide.^®®**’ 

The ultraviolet absorption spectra of R 2 N'CS*SR and RN:- 
C(SR) 2 ® and the absorption spectra of the methyl esters of di¬ 
methyl- and diethyldithiocarbamate have been investigated. 

XJnsubstituted dithiourethans are split by sodium into sodium 
mercaptide and thiocyanate: 

H2N*CS*SR + 2 Na NaSR + NaSCN + H2 

They can be acetylated: 

(MeCOgO + HgN'CS'SR -♦ M«CONH*CS*SR + MeCOgH 

The identical acetyl derivative can be obtained by the addition 
of thioacetic acid to a thiocyanate: ^ ‘ 

M«COSH + NCSR -♦ M«CONH*CS«SR 
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Thiobenzoic acid gives the corresponding benzoate.®® This reac¬ 
tion will be taken up in the chapter on thiocyanates in Volume V 
as a distinctive reaction of thiocyanates.®^® The acetyl deriva¬ 
tive may be hydrolyzed in different ways: 

M*CONH*CS*SR -1- HjO ^ M^COgH + HgN'CS'SR 
2 MeCONH'CS'SR -|- 2 Ba(OH )2 -*■ (M*C02)2Ba + Ba(SCN )2 -|- 2 EtSH 

A stepwise degradation of peptides and proteins from the end 
bearing a free amino group has been accomplished with N-acyldi- 
thiocarbamates.®®^ Sodium azide converts an N-substituted 
dithiocarbamate to a tetrazole.®®® 

The exchange between sulfur and methyl diethyldithiocar- 
bamate has been studied in an investigation of accelerators in 
vulcanization.^^^’ 


Uses 

The reaction product of a salt of a dithiocarbamic acid with 
dichloracetic acid or ester is said to be a vulcanization acceler- 
ator.*2«. Tertiary butyl esters, such as Et 2 N*CS‘SCMe 3 , are 
recommended for the same use.^®*®® Various esters of the di¬ 
methyl, diethyl, dibutyl, and other dithiocarbamic acids have 
been cited as accelerators.®®^’ ®®®' ^®®“’ ^®®®’ ®®^’ ^®®®’ ^®®®’ 

i48ec, 1757 Dithiocarbamate accelerators of the formula R 2 NCS- 
SR'CH:NR" are prepared by the action of ammonia or amines 
on the corresponding aldehydo-ester.^^®^® Carbamylmethyl di- 
methyldithiocarbamate and pentamethylenedithiocarbamate have 
been claimed.^®^®"’ ^®^^® Vulcanization is said to be effected in the 
presence of a very small percentage of diphenylthiocarbamyl 
diethylaminomethyl sulfide or other compounds of the general 
formula, RSCH 2 NR'R", in which R is thiocarbamyl and R' and 
R" are hydrocarbon radicals.^®^^ 

An accelerator results when formaldehyde reacts with a dithio¬ 
carbamic acid.^®^^' The sodium salt of a dialkyldithiocarbamic 
acid, an ammonium halide, and formaldehyde give products 
such as (Ph 2 NCSSCH 2 ) 3 N which can be used as accelerators.®^®®’ 
®^®* An aldehyde and a naphthol may react with the dialkyldi¬ 
thiocarbamic acid.^'®® Monocyclic phenols ^®®® or an aro¬ 
matic amine such as aniline ^®®® combine with formaldehyde, a 
secondary amine, and carbon disulfide. Tetramethylthiuram 
disulfide reacts in refluxing acetone to give Me 2 NCSSCH 2 COCH 3 , 
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(Me 2 NCSSCH 2 ) 2 CO, and Me 2 NCSSCH 2 C(NMe 2 ) :CHSCSN- 
Me 2 . These structures have been confirmed by synthesis from 
chloro- and bromo-acetones.^*^^ Formaldehyde and a ketone 
react with dialkyldithiocarbamic salts to give RC 0 CH(CH 2 S’- 
CS*NMe 2 ) 2 - Acetone may give the double compound, (Me 2 N*- 
CS-SCH 2 ) 2 CHCOCH(CH 2 S-CS-NMe 2 ) 2 .''‘®‘ The salt formed 
from leucauramine and carbon disulfide, on heating in alcohol 
solution, loses ammonia to form the ester.^^** Salts of dithiocar- 
bamic acid react with unsymmetrical dichloracetone,^®^ with 
dichloracetic acid, its esters and amides,^® and with a thiuronium 
halide to make vulcanization accelerators. 

Vinyl esters are used in the preparation of rubber chemicals 
and insecticides, their polymers are useful in coatings, adhesive, 
and rubber compounds,^^® and in lubricating oils.*®®® Butyl di- 
methyldithiocarbamate and ethylene bis-dimethyldithiocarbam- 
ate are rubber plasticizers.*^* The carboxymethyl ester of this 
acid is a catalyst for the polymerization of vinylidene com¬ 
pounds.^*^* 

Allyl dimethyldithiocarbamate, Me 2 N*CS‘SC 3 H 6 ,^*^® and other 
esters such as Et 2 N*CS*SR in which R is a straight chain radical 
of 8 to 12 carbon atoms, such as dodecyl, are parasiticides.^*** ^**’ 
*®® These higher esters are also accelerators.^** The trimethyl 
ester, Me 2 N*CS*SMe, is an effective insecticide.^*®* Its homologs 
R 2 N*CS*SR, are useful for combating nematodes.®^®** ^*®® The 
butoxymethyl ester, Me 2 N‘CS*SCH 20 Bu, is a pest control 
agent.®^*® The dimethylaminomethyl ester is effective against the 
Mexican bean beetle.®*^ 

S-Carboxymethyl-N,N-dithiocarbamate and S-(l-carboxy-l- 
methylethyl) -N,N-dimethyldithiocarbamate check cucumber 
scab.^*®^ A parasiticide is said to be produced by the reaction of 
a primary amine with two moles of an aldehyde and two of di- 
methyldithiocarbamic acid.^*^* ^*®^ N-Morpholinomethyl oxydi¬ 
ethylene dithiocarbamate has been tested against lumber mold.®®^ 
The antifungal activity of N-substituted dithiocarbamic salts 
and esters has been discussed by Links.^**® 

2-Chloroalkyl esters of diethyldithiocarbamic acid have been 
used for weed control.^**® i-Propyl dithiocarbanilate has a phyto- 
inhibiting action on wheat seedlings.^^®* Some dithiocarbamates 
prevent the germination of hoed vegetables.^^*® Various plant 
antibiotics are formed from dithiocarbamic esters.^®^® Carboxy- 
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methyl dimethyldithiocarbamate produced growth responses sim¬ 
ilar to those brought about by synthetic growth substances.®^^ 

Since the sodium salts of some of the acids are antiseptic their 
esters were tested.^®^® 2-Dimethylaminoethyl dimethyldithio¬ 
carbamate has been used for treatment of skin diseases.®®®* This 
same ester of the dibutyl acid and other dialkyldithiocar- 
mates®^® have tuberculostatic activity. The thiocarbamido-type 
antithyroid drugs may owe their activity to enzymatic inhibition 
of an oxidase controlling the change from ionic to molecular 
iodine.®®® Several dithiocarbamates have been used as interme¬ 
diates in the manufacture of medicinals, bactericides, and insecti¬ 
cides.^®®® 

Several dithiocarbamates have been suggested as additives to 

QjJg 130ft| 130Cy 259b, 318, 927, 928, 1391, 1475 

Dithiocabbazates 

Carbon disulfide reacts with hydrazine hydrate as with am¬ 
monia: 

2 HaN'NHg + CSj HjN'NH'CS'SNgHg 

The free acid is too unstable to isolate.®^®’ The salt gives 
precipitates of the heavy metal salts when it is added to solutions 
containing the appropriate ions.®®®’ ®^® The acid may be used as 
a reagent for silver, bismuth, cadmium, cobalt, cupric, mercuric, 
nickel, lead, zinc, and cuprous ions.®®^ Ammonium phenyldithio- 
carbazate serves the same for copper ions.^*^® Methyl- ®’*' and 
unsymmetrical dimethylhydrazines ^®*® give the analogous com¬ 
pounds. The free dimethylacid, Me 2 N*NH*CS*SH, can be iso- 
lated.^®^® Phenyl hydrazine reacts with two molecules of car¬ 
bon disulfide to form a cyclic compound, S C*S*NPhN: C SH, 
'bismuthiol’. This can be used to detect bismuth and [Fe- 
(CN)6]~®.®®® One molecule of hydrazine hydrate, one of alkali, 
and one of carbon disulfide unite: 

HaN'NHj'HgO + CSg + KOH H2N*NH*CS*SK + 2 HgO 

This is readily alkylated.®®’ ®^®®’ ^®^® Phenyl hydrazine ^®® and 
substituted phenyl®®® hydrazine form these salts. Acid hydra- 
zides will react.^^®®’ ^’’® With carbon disulfide and potassium 
hydroxide, ethyl carbazate forms a salt which when alkylated 
with methyl iodide gives the same compound formed by the reac¬ 
tion of methyl thiocarbazate with ethyl chloroformate: i®®® 
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EKXO'NHNHg + CSj + KOH -*■ BOCO'NHNHCS'SM# 

Ammonium dithiocarbazate in solution evaporated to dryness 
gives the thioanhydride, S(CS*NHNH 2 ) 2 . With methyl iodide the 
dimethyl ether of 2,5-dithio-l,3,4-thiadiazole is formed.^®^®** 
The dithiocarbazate salts react with an alkyl halide to give 
esters: ^®^®® 

H2N‘NH*CS*SNH4 + Mel ->■ HgN^NH'CS'SMe + NH^I 

With P-propiolactone the substituted propionic acid is formed. 
The fully substituted hydrazine, RR'NNR', forms a salt which 
reacts similarlyPhenacyl bromide reacts regularly. Alcoholic 
chloracetone with ammonium dithiocarbazate gives a mixture of 
a thiazolethione and a thiadiazine.^^^^** o-Chloroacetacetic ester 
in alcohol solution gives the expected ester. If the solution is 
evaporated to dryness a thiadiazine is formed. Treating the solu¬ 
tion with hydrochloric acid results in a thiazoline.^^^^® Benzoyl- 
dithiocarbazate with chloracetic acid forms a 3-benzoylamino- 
rhodanine and an oxadiazole.^^^® The esters of dithiocarbazic 
acid, RS*CS*NHNH 2 , when R contains a carboxy group in the 
a-position are stable only as salts. Acidification of the solution 
causes the formation of cyclic anhydrides.^^^^® Alkaline cycliza- 
tion of these esters gives 1,3,4-oxadiazoles. Acid catalyzed cy- 
clization of 3-acyl dithiocarbazates yields mercaptothiadi- 
azoles.^^*^ Reduction of methyl o-nitrophenyl dithiocarbazate 
gives 2,3-benzo-6-methylmercapto-l ,4,5-triazine hydrochloride.*®® 
Trans-phenacyl propyl phenyldithiocarbazate is formed by the 
action of phenacyl bromide on propyl phenyldithiocarbazate in 
faintly acid medium. The cis compound forms in alkaline me¬ 
dium.^** The benzyl ester of the same acid reacts with o-nitro- 
benzyl chloride to form benzyl o-nitrobenzyldithiocarbonate 
phenylhydrazone. The o-nitrobenzyl ester with benzyl chloride 
forms its isomer.®^^ Ethyl phenyldithiocarbazate adds to phenyl 
cyanate: 

EtS*CS*NHNHPh -t- PhNCO ^ PhNHCONHPhNH*CS*SE» 

The esters react with an aldehyde: ^^*®’ ^®^®’ 

RCHO + HgN’NH'CS'SM* ^ RCH!N*NH*CS*SMe + HjO 

The methyl benzylidine dithiocarbazate melts at 157.5° with 
decomposition .®^**’ 
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Thiuram Disulfides, Monosulfides, and Polysulfides 

Disulfides 

In early times ammonium dithiocarbamate was treated with 
chlorine, bromine, and iodine. The ammonium halides were iden¬ 
tified and an unstable solid isolated.'*®^**’ Later it was shown 
that this is the disulfide, NH 2 *CS*S 2 *CS*NH 2 , corresponding to 
dithiocarbamic acid, NH 2 *CS*SH, The reaction is: 

2 NHgCS'SNH^ + I 2 NHj'CS'Sj'CS'NHg -1- 2 NH^I 

This disulfide is insoluble in water but soluble in acetone, from 
which it can be precipitated by chloroform as white leaflets, melt¬ 
ing at 154-6® with decomposition.®®*, sse, 943 b similar experiments 
were made with the corresponding salts from methyl and ethyl 
amines, but on account of the instability of the primary products 
only those from secondary amines were positively identified.^^®'- 

1399 

Hlasiwetz and Kachler'^^'* reported a reaction between am¬ 
monia and carbon disulfide, in the presence of camphor, benzyl 
alcohol, or phenol. They wrote the reaction: 

4NH3 -1- 2CS2 C2H10N4S3 -1- H2S 

This was the diammonium salt of the unstable acid, H 4 C 2 N 2 S 3 , 
or (H 2 N*CS) 2 S. They made several heavy metal salts from the 
ammonium salt. Their results have been questioned.^®^®** It has 
been suggested that their compound was simply ammonium di¬ 
thiocarbamate, NH 2 ’CS’SNH 4 partly oxidised to thiuram disul- 
fide.^'^^ It often happens that chemists get quite different results 
with the same chemicals, under apparently the same conditions. 
It seems probable that Hlasiwetz and Kachler had what they 
thought they had, though it is difficult to see how they got it. 
The compound (H 2 N‘CS) 2 S is the thioanhydride of dithiocar¬ 
bamic acid and may have the tautomeric formula S[C(:NH)- 
SH] 2 . They named the group H 2 N’CS—^thi-ur-am, taking one 
syllable each from the words thion, urea, and ammonia. The 
-am is superfluous since the -NH 2 is a part of the thiourea NH 2 *- 
CS*NH 2 which they called “thiuramamine.” However, the name 
has stuck; thiuram sulfide and disulfide are: (H 2 N*CS) 2 S and 
(H 2 N*CS) 2 S 2 . The alkyl derivatives of these are important. 
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Tetraethylthiuram disulfide is produced quantitatively by the 
action of iodine on the diethylamine dithiocarbamate: 

2 Et2N*CS*SNH2B2 + I 2 ^ Et2N*CS*S2*CS‘NEt2 + 2 NH 2 B 2 ' 

The same is true of aromatic compounds.®®^ The piperidine de¬ 
rivative reacts similarly: 

2 (CH2)gN<S‘SH2N(CH2)5 -f I2 ^ (CH2)5N<S*S2*CS*N(CH2)5 + 2 H2N(CH2)6l 

The monomethyl- and monethylamine derivatives may undergo 
the normal oxidation: 

MeNHCS'SNHgMe + U ^ MeHN<S*S 2 *CS*NHM* + 2 NHgMel 

The yield from PhNH*CS*SNH 4 is poor.^®^®“ Quite different reac¬ 
tions may take place: 

RNH*CS‘SNHgR + Ig BN:C:S + EtNHg'HI + S 

BNH*CS*SNHgEt + Ig ^ SC(NHEt)2 + 2 HI + S 

The disulfides, RNH*CS'S 2 *CS*NHR, are relatively unstable and 
can not be isolated in every case.^''^** 

In contrast to these, the products from dialkyl amines are 
stable. The tetramethylthiuram disulfide is an important com¬ 
mercial product. The useful tetraalkylthiuram disulfides are 
made by oxidising dialkylammonium dithiocarbamates: 

2 RgNCS'SNHgRg + I2 ^ RgN'CS'Sg'CSNRg + 2 NHgRgI 

Naturally the sodium salt behaves the same way: 

2 RgN'CS'SNa + Ig ->> RgN^CS'Sg'CS’NRg + 2 Nol 

It is not necessary to isolate the dithiocarbamic salts. The amine 
and carbon disulfide are dissolved in alcohol and the iodine 
added.^^^* Bromine,^^^®* hydrogen peroxide,^* or a 

persulfate may be used instead of 

iodine. Other oxidising agents have been proposed: chlorine,^®’’ 
3dib, 332 , 071, 1380a nitrous acid,^®®’ oxides of 

nitrogen,®®®’ ^®^^’ ^®®^® an alkyl nitrite with an inorganic 
acid,^^^®“ sodium hypochlorite,®*’ 1496 q, polythionate,**®’ 

1604a ferric chloride,^’^’ ®®^ an electric current,®®®’ ^^^*’ ^®®^ an aryl 
sulfonyl chloride,®®^ a perborate, or a percarbonate.^®^® A flow 
process for oxidation of an aqueous solution of sodium diethyl- 
dithiocarbamate has been patented.®^® Diethylammonium di- 
ethyldithiocarbamate in which both sulfur atoms are radioactive 
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has been prepared starting with radioactive carbon disulfide.**®® 
The reaction: 


EtgNCSSH (Et2NCS)2S2 

is polarographically irreversible.^®®*® The polarographic behavior 
of this oxidation-reduction system has been studied.®®^ The oxi¬ 
dation by nitrous acid is aided greatly by the addition of potas¬ 
sium iodide.*®^^ Salts of mono- and dithiocarbamic acids are 
oxidised by chlorine or bromine in the presence of a buffer, sodium 
carbonate or borax.®®*® An acetylated thiourethan may be oxi¬ 
dised by iodine in alkaline solution: ^®®® 

2 MeCON:C(SMe)SNa + >2 MeCON:C(SM«)S2C(SM«):NCOM« 

Dialkyl amine sulfides with carbon disulfide form the thiuram 
disulfides: 


(R2N)2S -I- CS 2 (R2NCS)2S2 

Morpholine disulfide gives the trisulfide.*®® 

The dialkylthiuram disulfides decompose in two ways on heat¬ 
ing, into a mustard oil or into a thiourea: *’*•’ *’® 

(rnH‘CS*s)2 2 rn:C!S - 1 - H 2 S -I- s 

(RNH*CS*S)2 SC(NHR)2 -I- s + CS 2 

The smaller the alkyls the more mustard oil.*’*“ Tetramethyl- 
thiuram disulfide heated to 200" gives carbon disulfide, sulfur, 
and tetramethyl thiourea. At 150-60" a small amount of di- 
methylammonium dimethyldithiocarbamate and tetramethyl- 
thiuram sulfide are formed. The corresponding tetraethyldisul- 
fide yields chiefly the thiocarbamate salt and carbon disulfide.*^®® 
With sodium ethylate in alcohol they form salts which react with 
alkyl halides: 

S‘C(:NR)SNa R'X S*C(:NR)SR' NoX 

I + I + 

S*C(:NR)SNa R'X S<(:NR)SR' NaX 


The products are the isothiuram disulfides.*’*® The same prod¬ 
ucts are obtained by oxidation of dithiourethans in alkaline 
solution: *’®® 


SC(NHR)SR' SC(NRNa)SR 




S-C(:NR)SR' 

I 

S‘C(:NR)SR' 


SC(NHR)SR' 


SC(NRNa)SR 
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The isothiuram disulfides decompose on warming: 


S*C(:NR)*SR' 

S;C:NR 

SR' 

1 -*> 


+ 1 

S*C(:NR)*SR' 

S:C:NR 

SR' 

The sodium derivatives of these disulfides 

react with a thiodi 

alkylcarbamyl chloride: 

S*C(:NR)*SNa ClCS*NR '2 


S<{:NR)S<S*NR 2 

1 + 


1 

S<(:NR)*SNq CICS*NR'2 


s-c(:NR)sk:s*nr 2 

A further reaction takes place: 

S<{;NR)-S*CS®NR 2 

S:C:NR 

S<S-NR 2 

1 


+ 1 

S-C(:NR)®S*CS*NR 2 

S:C:NR 

S®CS*NR 2 


The sodium derivatives react also with iodine: 


S*C(:NR)SNq S<<;(;NR)S 

I + 12 I I 

S*C(:NR)SNa SK:(:NR)S 

The product decomposes into sulfur and a mustard oil: 

S*C(:NR)S S;C:NR 

I I + 2 S 

S*C(:NR)S S!C;NR 

Tetraalkylthiuram disulfides react with chlorine in carbon tet¬ 
rachloride to form dialkyl thiocarbamyl chlorides: 

(R2NCS)2S2 -h CI 2 ^ 2 R2NCSCi 

Tetraethylthiuram disulfide forms addition compounds, (Et 2 - 
NCS) 282 * 20 X 4 , with carbon tetrachloride^®* and tetrabro- 
mide.**^' ^®* 

Tetramethylthiuram disulfide and dimethylamine in benzene 
at 100 ® form dimethylammonium dimethyldithiocarbamate *^®® 
Dipiperidylthiuram disulfide heated with piperidine to 120 ® is 
converted to a mixture of piperidine piperidyldithiocarbamate 
and dipiperidylthiocarbamide, SC(NC 5 Hio )2 °** There has been 
a controversy as to the limiting yield of the dithiocarbamate^***' 
Copper bronze reacts with tetraethylthiuram disulfide to 
form the copper salt of diethyl dithiocarbamic acid.®’ Aryl 
tellurium gives aryl tellurium salts: **^® 
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(ArTe)2 + 3 (R2NCS)2S2 -»• 2 ArTe(SCSNR 2)3 

Thiuram disulfides show nucleophilic reactivity similar to that 
of thio anions with compounds of bivalent selenium and tel- 
lurium.®*^** 

Acetic acid and tetramethylthiuram disulfide heated at 125° 
for five hours decomposes to give carbon disulfide, carbon oxy- 
sulfide, sulfur, and dimethyl acetamide.^^® In refluxing acetone 
a mixture of compounds results: Me 2 NHCS 2 CH 2 Ac, Me 2 NH, 
CS 2 , Me 2 NCSSH*HNMe 2 , Me 2 NCS 2 CH 2 C (NMe 2 ) :CHS 2 CNMe 2 , 

(Me2NCS2CH2)2CO.i®’2 

The exchange of sulfur in polysulfides and vulcanization ac¬ 
celerators has been reviewed.®*^ A study has been made of the 
kinetics of the exchange of radioactive sulfur with thiuram di¬ 
sulfide.^®®’ ®®® The fact that all of the decomposition products of 
the tagged thiuram disulfide are radioactive shows the even dis¬ 
tribution of the radioactive sulfur.®^® This use of the sulfur iso¬ 
tope has been applied to the investigation of vulcanization with 
tetramethylthiuram mono- and di-sulfides.^®®- 

Monosulfides 

A remarkable property of the thiuram disulfides is the ease 
with which they give up half of their sulfur: 

(R2NCS)2S2 + KCN (R2N‘CS)2S + KSCN 

This supplies a method for preparing the monosulfides.^’*- ®®* A 
suspension of the disulfide in water is treated with sodium cy¬ 
anide solution.^^®® The monosulfide can be obtained directly from 
the dithiocarbamic salt by oxidising it in the presence of a solu¬ 
ble cyanide.^®^^ The mechanism of this desulfurization has been 
studied.®®® Triphenyl phosphorus also removes one sulfur 
atom: ^^®® 

(M*2NCS)2S2 + PhgP -♦ (Me2NCS)2S + PhgPS 

The ease with which sulfur is given up has been given as an 
explanation of the vulcanizing power of the disulfides, even with¬ 
out free sulfur.^®®®® Alcoholic potassium cyanide gives the 
thiourea: ^^®® 

(Et2NCS)2S2 + KCN -♦ (Et2N)2CS + KSCN + CS2 

The monosulfides can be prepared directly from dithiocarbamic 
salts and a cyanogen halide: ^^®’ ^®®®®’ ^®^®* 
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RsN'CS'SNo CN R2N*CS NaSCN 

+ 1 /S + 

R2N*CS*SNa Cl R2N<S' NaCi 

It may be supposed that sodium chloride and cyanide are formed 
directly and that the disulfide is desulfurized by the cyanide 
according to the reaction given above. From the same reactants 
a dialkylthiuram thiocyanate RR'N‘CS*SCN is said to be ob¬ 
tained.*®®’ A dispersing agent aids the reaction of cyanogen 
chloride on the dithiocarbamate salt.'*®*®’ **** Cyanogen bromide 
gives the trimeric methylenethiuram sulfide, [ (CH2:NCS)2S]3, 
when it reacts with ammonium methylenedithiocarbamate, 
(CH2:N-CS*SNH4)3.'®®*“ 

Thiuram monosulfides result from the reaction of thiocar- 
bamyl chlorides on salts of dithiocarbamic acids: *'^®’ 

R2N*CS*SNH2R2 + CICS*NR2 -*■ (R2N*CS)2S -I- NH 2 R 2 CI 

They are obtained also by reacting phosgene with salts of dithio¬ 
carbamic acids.®**®’ **^’ *’*’ A method for preparing tetramethyl- 
thiuram monosulfide in a finely dispersed state has been de¬ 
veloped.**®® Aeration of disodium ethylenebisdithiocarbamate 
produces ethylenethiuram monosulfide and polyethylenethiuram 
monosulfide.***® 

Tetramethylthiuram sulfide, like the disulfide, heated to 220 - 
280 ° gives carbon disulfide and tetramethyl thiourea. The corre¬ 
sponding tetraethyl compound at 200 - 210 ° yields diethylam- 
monium diethyldithiocarbamate and at higher temperature the 
thiourea.**®® Chlorination of a monosulfide produces diethyl thio- 
carbamyl chloride.**®** This chloride adds chlorine to give a 
perchloride which reacts with more sulfide to increase the 
yield.®*®’ **®*‘’ Tetramethylthiuram sulfide has been reported to 
react with bromine to give dimethylcarbamyl dimethylthiocar- 
bamyl sulfide where one group has been oxidised from the thio- 
carbonyl to the carbonyl group.***’ *’** 

Polysulfides 

The tri- and tetrasulfides are prepared by the reaction of 
sulfur dichloride or monochloride on salts of dithiocarbamic 
acids: **®’ 1122,1377b, 1720a, 1721a, 1721b 

2 R2N*CS*SNa + SCIg -»• (R2N*CS)2S3 

2 R2N<S*SNa S 2 CI 2 -»• (R2N*CS)2S4 
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Anabasine, carbon disulfide, and sodium hydroxide combine 
to give a dithiocarbamate. The zinc salt from this is converted 
into anabasinethiuram tetrasulfide by sulfur chloride.^*^^* In a 
similar way thiuram tetrasulfides have been prepared from 
pipecoline and from heterocyclic imines.^^^ 

Ammonium phenyldithiocarbamate, PhNH*CS*SNH 4 , is con¬ 
verted into a polysulfide, PhNrC'SgCrNPh, by treatment with 
sulfur chloride.^®®** 

Detection and Identification 

A number of methods have been proposed. A thiuram disulfide 
can be reduced with magnesium and sulfuric acid, or by other 
means. Carbon disulfide is distilled out and the amine left as the 
sulfate.^^^’ Colored complexes with cobalt salts are use- 
fui.isoTa, 1607c, 1608 b. 1620 Reduction in the presence of ammonia 

gives the dithiocarbamate salts, R 2 N*CSSNH 4 from which nickel 
salts can be obtained.* 2 * Thiuram compounds are detected colori- 
metrically by the acetone copper sulfate test or by the 

colored complexes with other copper salts.**®- Color 

reactions with copper may be interfered with by anti-aging agents 
in a vulcanization mix.®** Tetraethylthiuram disulfide can be 
estimated by bromate-bromide solution.®** Radioactive sulfur 
may be determined by isolating the dimethyldithiocarbamic acid 
as its nickel salt and determining its radioactivity.^** The mono¬ 
sulfides may be titrated conductometrically with copper sulfate. 
For the disulfide the titration must be carried out in the presence 
of hydroquinone.^^*** A thiuram compound may be treated with 
an acetone water solution of potassium cyanide and the resulting 
potassium thiocyanate titrated with silver nitrate.^^**** Chromat¬ 
ographic analysis provides a rapid method for detection of the 
tetramethyl mono- and di-sulfide and for tetraethylthiuram 
disulfide; ^**® methods applicable to raw rubber mixes have been 
devised.^** 

A sensitive photometric procedure for detecting copper in the 
presence of other elements is based on the formation of a yellow 
brown color when copper and tetraethylthiuram disulfide re¬ 
act.”^* 


Properties 

The absorption spectra of tetramethylthiuram mono- and di¬ 
sulfides have been studied.^’^ Both crystallize in the monoclinic 




Thiocarbamic Acids and Derivatives 


253 


holohedral system and both have four molecules in the unit 
cell.^’’® The dipole moments of both classes have been deter¬ 
mined.®®*’ 


Uses 

As Vulcanization Accelerators 

Comparisons of different thiuram derivatives and suppositions 
as to the mechanisms of vulcanization by them have been made 
by a number of investigators.®®’ ^®®' ®®®’ ®*®’ 

373, 476, 608, 623, 863, 877, 896, 959, 078, 994, 1040, 1183, 1184, 1362b, 1380b, 1392, 
1431, 1432, 1434, 1436, 1436, 1437, 1489, 1613, 1639, 1640, 1643 k, 1643b, 1724 'pjjg 

requirements that must be met by an accelerator have been dis¬ 
cussed.®'^®’ ^^29b 'j'jjg special requirements for Buna ^®'^’ 
and GR—S ®® and of mixes containing black factice ®®^ have been 
considered. Comparisons have been made of tetramethylthiuram 
disulfide and of other accelerators as to their influence on the 
resistivity and on the bonding of the rubber to brass.^*^* 

The prevulcanization properties of tetramethylthiuram disul¬ 
fide have been examined.®®® Tetramethyl- ®®’ ®^’ ®®® and tetra¬ 
ethylthiuram ®®* disulfides, tetraalkylthiuram sulfides in which 
the alkyls contain more than four carbon atoms,^®^® alkythiuram 
sulfides and disulfides ®^®*’ ®^®'’’ ®®® and thiuram disulfides in which 
the alkyl or aryl groups carry constituents ^^®* have been patented 
as accelerators. Tetramethylthiuram disulfide is known as Tuads 
or Thionex, while the monosulfide is called Monex. A mixture of 
80% tetrabutylthiuram sulfide, 5% thiourea, and 15% urea is 
recommended.®^® The thiuram sulfide from cyclohexylethyl 
amine ^®'*® and the mono- and di-sulfides, (CH 2 ) 6 N*CS*S*CS*N- 
(CH 2 )« and (CH 2 ) 6 N*CS*S 2 *CS‘N(CH 2 ) 6 , from hexamethylene- 
imine have been claimed.^®'*®’ ^’®®® 

It is said that tetraalkylthiuram sulfides and disulfides, con¬ 
taining a total of more than 12 carbon atoms, modify the emul¬ 
sion polymerization of dienes so that the products are more like 
natural rubber.^®®® In polydienes tetramethylthiuram disulfide 
introduces elemental sulfur into polymers to form disulfide cross 
links.“® 

Very plastic molding compositions containing chloroprene are 
obtained by milling tetramethylthiuram disulfide into the poly- 
mer.^®®^ 

Tetraalkylthiuram polysulfides have been recommended as 




254 


Organic Chemistry oj Bivalent Sulfur 


accelerators.i^ob. 1122. 1377b. leii, 17208 . 1720b, 1721a ^ number of 

these have been compared.^*^^ Addition of a small amount of 
the monosulfide to the polysulfide has been recommended.^^*® 
The polysulfides are used with mercaptothiazolines.®^**’ Tetra- 
methylthiuram disulfide with N-c-hexyl-2-benzothiazole sulfen- 
amide gives increased elongation in vulcanized natural rubber.*®^ 

Zinc and lead salts of thiuram di-, tri-, and tetra-sulfides and 
of their dimethyl, diethyl, dipropyl, etc. derivatives are vulcan¬ 
izing agents.*^®'^ 

Selenium compounds, apparently of the type R 2 N*CS*S*Se‘S*- 
CS*NR 2 ,^^®^ and the corresponding tellurium compounds are 
claimed as accelerators. 


As Pesticides 

Thiuram sulfides and disulfides, particularly the tetramethyl, 
have been of considerable interest as constituents of pesticides.®^* 
Data on several hundred sulfur compounds, including a number 
of thiuram derivatives, as insecticides have been assembled.^*®^ 
Many experiments have been made in the evaluation of thiuram 
compounds and mixtures containing them.^®’ 

1148a, 1174,1175, 1206 , 1370 ,1500,1603 ,1618 There are some patents.^®*®’ 

552, 095 Thiuram derivatives,^®^®- ^®2® particularly the tetra¬ 
ethyl-*^^- *®®- ®®® are useful in protecting wood and textiles against 
fungoid growths. 

Arasan and Thiosan (later known as Tersan) dusts containing 
50% of tetramethylthiuram disulfide, have been investigated ex¬ 
tensively.*^- *®^- *^^- ***- **®- *®®- *®^- *®*- *®®- **®*’ ^^*- 

454, 480, 493, 530, 535, 540, 624, 631, 634, 665, 678, 700, 738, 799, 808, 842, 843, 859, 
950, 990, 991, 992a, 992b, 993, 1003, 1004, 1014, 1031, 1073, 1074, 1082, 1102, 1118, 
1132, 1148b, 1172, 1176, 1*220, 1222, 1223, 1224, 1226, 1209, 1303, 1304, 1341, 1465, 

1519, 1533, 1557, 1594, 1595, 1608 , 1664, 1677, 1743, 1744 Diethylenethiuram 
di- and trisulfides are said to be fungicides and insecticides.^^** 
Tetramethylthiuram disulfide has been used as a seed dress¬ 
ing.'*®® Carboxymethylthiuram disulfides of the general formula 
(H00CCH2(R)NCS)2S2 have been claimed.'^® Dimorpholine- 
thiuram disulfide has been proposed as the active ingredient of a 
fungicide.*®-'"’- *®®- 

Tetraethylthiuram sulfide is recommended for internal admin¬ 
istration to animals for control of coccidiosis.^®^^ The same com¬ 
pound is effective against scabies.*®*- ®^^- ®^*- *®® Tetramethylthi- 
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uram sulfide and disulfide are used in control of chicken lice.^®** 

Combinations of heavy metal salts with thiuram disulfides are 
said to be effective fungicides and seed disinfectants.®^^’ The 
salt from sodium hydroxide, carbon disulfide, and ethylene or 
propylene diamine is caused to react with sulfur chloride and the 
product used as a fungicide.^®^** 

Physiological 

The tetraethyl disulfide is quite toxic to microorganisms and 
invertebrates, possibly because it inactivates copper-containing 
enzymes.'^®® It is relatively non-toxic to man but gives rise to 
characteristic unpleasant symptoms if alcohol is subsequently 
ingested.^®^ The toxicity and action of several thiuram disulfide 
compounds in alcohol metabolism has been studied.®^® Tetra¬ 
ethylthiuram disulfide is toxic to mouse, rat, rabbit, and dog.^®® 
In rats it causes in vivo production of carbon disulfide.^®^* Vari¬ 
ous studies have been made of the effects on experimental animals 
using it in combination with alcohol.*®’ **• ^®®* ®®®’ ®®* Its effect 

when used as therapy in alcoholism is known.While often 
referred to as antabuse, the name assigned to this drug is 
'Disulfiram’.*^®® The presence of doubly bound sulfur atoms on 
two NR 2 groups in the basic nucleus seems essential for di- 
sulfiram activity. Unsymmetrical di-c-hexylthiocarbamyl di- 
ethylthiocarbamyl sulfide, tetrabutylthiuram sulfide, and tetra- 
i-butylthiuram disulfide are as active as disulfiram and less 
toxic.®® 

The properties and toxicity of tetramethylthiuram disulfide 
have been studied.®®® Its poisonous effect on a man has been 
described.®®^ A soap containing tetramethylthiuram disulfide has 
a germicidal action on human skin.®^ The mono- and disulfides 
have been added to a waterproofed material to make it actively 
antiseptic.®®® The disulfide has been found to be non-toxic to silk¬ 
worms.®®^ The toxicity and pharmacological effects of unsym¬ 
metrical diethyl dimethylthiuram sulfide on mammals is typically 
that of any drug inhibiting cholinesterase.®® The tetramethylene 
disulfide activates glucolysis in Propionibacterium pentosa- 
ceum?^^ The influence of tetramethylthiuram disulfide on cellu¬ 
lar respiration has been examined.*®® Tetramethyl- *®®^ and tetra¬ 
ethylthiuram *®*®’ *®®® disulfides augment the action of pentothal 
but the tetramethyl compound is twenty times as toxic as the 
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other.^**^ The in vitro reaction between tetraethylthiuram disul¬ 
fide and glutathione has been examined,®^® Thiuram derivatives 
inhibit Endothia yarasiticaP^^ 

Miscellaneous Uses 

The tetramethyl sulfide and disulfide have been claimed as 
stabilizers and sensitizers for plastic polymers and as 

Diesel dope.®^® Polystyrene can be protected from degradation 
by X-ray (Co source) by tetramethylthiuram disulfide.®®® 
Comparatively large amounts have been incorporated in the 
rubber for manufacture of tooth brushes.^^^® The tetramethyl 
and tetraethyl compounds have been suggested as anti-oxidants 
for butter,^®^® cts-a,p-Unsaturated acids and esters have been 
converted to the trans compounds by thiuram disulfides.^^^^” 

Physical Properties 

The object is to give physical properties, as far as known, of a 
number of compounds with references to their preparation. No 
claim is made as to completeness. 

As has been said previously, attention is called to the incom¬ 
pleteness and doubtful accuracy of the data and to the desir¬ 
ability of more accurate measurements. 

Thiocarbamic Acids and Salts 
RR'NCOSH 

MeNHCOSH, MeNHa salt, m. 121“.®®! 

EtNHCOSH, EtNHa salt, m. 89“.®® 
i-BuNHCOSH, i-BuNHa salt, m. 102“.®® 

PhNHCOSH, m. 98“.!®®® 

PhN(COPh)COSH, m. 99“.!”! 

PhCHaNHCOSH, PhCHaNHa salt, m. 125“.^®! 

Dithiocarbamic Acids and Salts 

H 2 NCSSH, NH 4 salt, m. 145“ dec.; !®®®* EtsNHg salt, m. 98-105“ 
dec.; Pr 2 NH 2 salt, m. 80-90“ dec.; t-Bu 2 NH 2 salt, m. 83- 

930 1007c 

(CH 2 :NCSSH) 3 , (NH 4)3 salt, m. 154“.!®®®“ 

MeCH:NCSSH, EtaNH salt, m. 83“; Pr 2 NHEt salt, m. 82“; 
i-BuzNHEt salt, m. 101“.!®®^' 
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Monosubstituted Dithiocarbamic Acids 
RNHCSSH 

MeNHCSSH, MeNHa salt, m. EtaNHa salt, m. 

9 QO. 1707b piperidine salt, m. 118“ dec.^^®** 

EtNHCSSH, EtNHa salt, m. 103“,^*®“’ 102“; MeaNHa salt, 

m. 101“;”®’® Na salt, m. 98“ (4HaO); Co salt, dec. 66“.*23b 
PrNHCSSH, PrNHa salt, m. 102“ dec.’^^ 

BuNHCSSH, MeaNHa salt, m. 93.5“.”®’® 
i-BuNHCSSH, i-BuNHa salt, m. 111 “.®®® 
s-BuNHCSSH, s-BuNHa salt, m. 109“.®®®- ”»« ® 
i-AmNHCSSH, i-AmNHa salt, m. 109“,”’* 100“.”«® 

1- Undecyl NHCSSH, i-Undecyl NHa salt, m. 66 “.”®’“ 
CigHaiNHCSSH, CijHaiNHa salt, m. 99 “.®®® 

Cetyl NHCSSH, Cetyl NHa salt, m. 101“.”” 

CnHaaNHCSSH, CnHagNHa salt, m. 90“.’«®’ 
c-Hexyl NHCSSH, c Hex NHa salt, m. 160“.’®” 

Allyl NHCSSH, Ni salt, m. 135“.®”® 
MeCOCHaCHMeCHaNHCSSH, m. 114“ dec.®®’® 
HOOCCHaNHCSSH, di NH 4 salt, m. 110“ (IHaO).”® 
HaNCOCHaNHCSSH, H 3 NCH 2 COOH salt, m. 139“.’®® 
EtOOCCHaNHCSSH, m. 72“;®®’ HaNCHaCOOEt salt, m. 

790 644a 

HOOCCHMeNHCSSH, di NH 4 salt, m. 129“ dec. (lHaO).”“ 
Bornyl NHCSSH, bomyl NHa salt, m. 78“.®®® 

Campholyl NHCSSH, m. 128“;®«® campholyl NH 3 salt, m. 96“ 
dec.®®’ 

Quinolyl NHCSSNH 4 , 5-, m. 99“ ; < 5 -, m. 112 “; 8-, m. 87“.®’® 
4-isoquinolyl NHCSSNH 4 , m. 120 “.®’® 

2- Thiazolyl NHCSSH, EtaNH salt, m. 142“.®’® 
(CHaNHCSSH)a, dec. 59“.”«® 

HSCSNHCH2CHaN(CHaCHaOH)CSSH, di Na salt, m. 101“ 
(5H2O).’®® 


ArNHCSSH 

PhNHCSSH, NH 4 salt, m. 108“ dec.;®®® PhNHNHa salt, m. 

32° 1040b 

p-PrCeH 4 NHCSSH, EtaNH salt, m. 93“.®’® 
P-BUC6H4NHCSSH, EtaNH salt, m. 92“.®’® 
p-PhC 9 H 4 NHCSSH, NH4 salt, m. 106“ dec.®’ 
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PhCHaCHaNHCSSH, NH 4 salt, m. 132‘’ dec.^®* 
H 2 NC 6 H 4 NHCSSH, NH 4 salt, o, m. 260“ dec.; m, m. 90“; v, m. 

250“ dec.;!®'***’ Ac., m. 212-20“. 
p-Et^NC 6 H 4 NHCSSH, p-Et 2 NC 6 H 4 NH 3 salt, m. 99“.« 
3 , 4 -(MeO) 2 C 6 H 3 CH 2 CH 2 NHCSSH, NH 4 salt, m. 138“ dec.2»» 

Free Acids or Inner Salts 

H 2 NCH 2 CH 2 NHCSSH, Na salt, m. 76-80“.i’«® 
H 2 NCHMeCHMeNHCSSH, m. 144“ dec.^^s® 
H 2 NCH 2 CH 2 CH 2 CH 2 NHCSSH, m. 173“.»®«» 
H 2 NC(:NH)NH(CH 2 ) 4 NHCSSH, m. 210“.i5«» 
H 2 NC(:NH)NH(CH 2 ) 5 NHCSSH, m. 201“.i5«» 
EtaNCHaCHsNHCSSH, m. 150“.i«3 
Et 2 NCH 2 CH 2 CH 2 NHCSSH, m. 150“. 
EtsNCHsCHsCHMeNHCSSH, hemihydrate, m. 138“ dec.**^ 
HoNCH 2 CH 2 (Oct) NCSSH, m. 118“ dec.i^^? 
H 2 NCH 2 CH 2 f(Me 3 C) 2 CH]NCSSH, m. 146 “.i'>” 
H 2 NCH 2 CH 2 (Ci 8 H 37 ) NCSSH, m. 108“ dec.^^^? 
c-Hex NHCH 2 CH 2 (c-Hex) NCSSH, m. 168“ dec.”»’ 
Et 2 NCH 2 CH 2 (Me)NCSSH, m. 143“ dec.,^®* 142“.i«3 
Et 2 NCH 2 CH 2 (Et)NCSSH, m. 135“ dec.^s* 

Et 2 NCH 2 CH 2 (t-Pr)NCSSH, m. 136“.38« 

Et 2 NCH 2 CH 2 CH 2 (Me)NCSSH, m. 172“. 

Et 2 NCH 2 CMe 2 CH 2 (Me)NCSSH, m. 87“.i«3 
Et 2 NCHMeCH 2 CHEt(Me)NCSSH, m. 151 
Et 2 NCH 2 CH 2 CH 2 CHMe(Et)NCSSH, m. 120“.38« 
Et 2 NCH 2 CH 2 CH 2 CHMe(PhCH 2 ) NCSSH, m. 151“ dec.®®* 
Et 2 NCH 2 CH 2 CH 2 CHMe(o-MeOC 6 H 4 CH 2 )NCSSH, m. 128“.88« 
Et2NCH2CH2CH2CHMe[3,4- (MeO) 2 C 6 H 3 CH 2 ]NCSSH, m. 

168°.386 

Et 2 N(CH 2 )ioN(Me)CSSH, 76° 

Guanidine dithiocarbamic acid, m. 270-80“ dec.®®® 

Methyl guanidine dithiocarbamic acid, m. 210-12“.®®® 

1-Methyl guanidine dithiocarbamic acid, m. 255-8“.®®® 

1-Ethyl guanidine dithiocarbamic acid, m. 308-10“.®®® 
Spermine-diguanide dithiocarbamic acid, m. 160-5°.^’*® 

R 2 NCSSH 

Me 2 NCSSH, Me 2 NH 2 salt, m. 136“,i"«» 132»,ii29«. i 4 o» 1250 ; b. 
142“; ®i® MeNHa salt, m. 91 “; t-Bu 2 NH 2 salt, m. 86 “; 
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CH 2 :NMe 2 salt, m. 40°; salt, m. 108°; »«« As salt, 

m. 235°; AsMe salt, m. 144°; AsMe 2 salt, m. 43°; 

AsPh salt, m. 221°; C«H 4 -C«H 4 *A 8 salt, m. 142°;i«‘® Cu salt, 
m. 270°,» 260° dec.; »23b p.MeOC«H 4 Te salt, m. 184° dec.; 
ZnO(Me 2 NCSS) 2 Zn, m. 245 °.“ 2 »b 
Et 2 NCSSH, ionization constant at 25°, Ka = 2.9 X 10“®; 
Et 2 NH 2 salt, m. 81°; b. 125°;i<®» EtNHa salt, m. 103° 
CH 2 :NEt 2 salt, oil;^®®®* Sb salt, m. 136°;^®® As salt, m. 
144°,io»2« 135°; AsMe salt, m. 102°; AsMej salt, m. 45°; 
AsPh salt, m. 140°; AsPh 2 salt, m. 95°; AsC 6 H 40 Me salt, o, 
m. 144°; p, m. 168°; AsCH:CHCl salt, m. 85°; Bi salt, m. 
186°;!®® dipole moment, 4.05;®*® Cd salt, m. 251° dec.;^’^ 
Cr(No 2 )-salt, m. 107°;^®*** Co salt, m. 264°; Cu salt, m. 
191°,323b 1900.9 pb Balt, dipole moment, 2.88;®*® Ni salt, m. 
236 °; 323b, 1723 dipole moment, 1.94;®*® P salt, m. 120°;^®® 
p-MeOC«H 4 Te salt, m. 156° dec.; ®®i* Zn salt, m. 180°; i***'i®*i* 
dipole moment, 1.89.®*® 

PraNCSSH, As salt, m. 142°; i®**' Cd salt, m. 160.5°; Co salt, 
m. 162°; Cu salt, m. 200°,* 102 °;®*®* Pb salt, m. 138°;^®*=*“ 
Ni salt, m. 135.5 °,it 2® 135°,*®* 130°;®®®* Zn salt, m. 114°.i’2® 
BU 2 NCSSH, Na salt, dipole moment, 3.86 (CeH*), 4.9 (diox- 
ane); ®*® Cd salt, m. 129°; Co salt, m. 122 °; Cu salt, m. 
114°,* 90°;®®® Ni salt, m. 91°,®®® 88 °;®®® [U 02 (SCSNBu 2 ) 3 l- 
[H 2 NBU 2 ], m. 153.5°; 1 ® Zn salt, m. 108°.®®® 
t-Bu 2 NCSSH, Cu salt, m. 165°;* (U 02 [SCSN(Bu-{) 2 l 3 ) [H 2 N- 
(iBu) 2 l, m. 178.5°.i® 

i-Am 2 NCSSH, Cu salt, m. 147°;* [i-Am 2 NH 2 ] [ (i-Bu 2 NCSS) 3 - 
UO 2 I, m. 166°. 1 ® 

Me(i-Bu)NCSSH, Me(i-Bu)NH 2 salt, m. 52° ;i®®® [i-BuMe- 
NH2][(i-BuMeNCSS)3U02l, m. 94°. 1 ® 

EtPrNCSSH, Cu salt, m. 190°.* 

Me[(Me 2 CH) 2 CH 2 ]NCSSH, UO 2 salt, m. 213.5°.^® 

MeiCHCHjCHMe(CH 2 ) 2 CHCMe 2 NCSSH, UO 2 salt, m. 177°.i® 
CH 2 (CH 2 ) 2 NCSSH, H 2 N(CH 2 ) 2 CH 2 salt, m. 89°.*®® 
(•CH 2 CH 2 ) 2 NCSSH, As salt, m. 255°;'®® AsMe salt, m. 178°.i®®® 
CH 2 (CH 2 CH 2 ) 2 NCSSH, Me 2 NH 2 salt, m. 86° ;i®®’' CH 2 (CH 2 - 
CH 2 ) 2 NH 2 salt, m. 172°,*® 171°;^®'® dipole moment, 2.48;®*® 
CH 2 (CH 2 CH 2 ) 2 N:CH 2 salt, m. 61°; «®’ As salt, m. 248°; 1 ®® 
AsMe salt, m. 157°;^®*® Cd salt, m. 257°; Ni salt, m. 
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295.5°; ”23 p.MeOC 6 H 4 Te salt, m. 178° Zn salt, m. 

232°.1723 

(•CH 2 CH 2 CH 2 ) 2 NCSSH, (•CH 2 CH 2 CH 2 ) 2 NH 2 salt, m. 147°; Cd 
salt, m. 230°; Zn salt, m. 175°.”2«‘’ 

0(CH2CH2)2NCSSH, AsMe salt, m. 174°;'^^ AsMe 2 salt, m. 
80°.100 

(H0CH2CH2)2NCSSH, Na salt, m. 155.5°.»« 
Sorbityl(Me)NCSSH, Na-H20 salt, m. 155°.8”“ 
EtOOCCH 2 (Me)NCSSH, MeNH 2 CH 2 COOEt salt, m. 77°; Hg 
salt, m. 148°.5«5 

PrOOCCH 2 (Et)NCSSH, Hg salt, m. 86°.®«* 

MeCsHaNCSSH, (pipecoline), Zn salt, m. 194 °.io 8 e 
C 9 H 11 NCSSH, (tetrahydroquinoline), Na salt, m. 77°; Zn salt, 
m. 202°.»»38 

C 9 H 11 NCSSH, (tetrahydroisoquinoline), Na salt, m, 200°; Zn 
salt, m. 252°.i‘>2« 

MePhNCSSH, AsMe salt, m. 191 °; cd salt, m. 295° dec.; ”^8 
Cu salt, m. 245°;® Ni salt, m. about 300° dec.; Zn salt, m. 

254°.1723 

EtPhNCSSH, NH 4 salt, m. 110°; Cd salt, m. 281°; Ni salt, n. 
271°; Zn salt, m. 208°.”28 

t-AmPhNCSSH, Cd salt, m. 222°; Ni salt, m. 196°; Zn salt, m. 

247°.1728 

Ph 2 NCSSH, dipole moment, 4.45.«»« 

(PhCH 2 ) 2 NCSSH, Cu salt, m. 286°.® 

(PhCH 2 CH 2 ) 2 NCSSH, H 2 N(CH 2 CH 2 Ph )2 salt, m. 105°; Zn salt, 
m. 190°.*”®“ 

A cm Chlorides and Thiocyanates 
RaNCSCl 

Dimethyl-, m. 43.5°,”«2b 43° i 362 a 42°.ii8b 
Diethyl-, m. 50°,8«« 49 °,”« 2 a 4 go i362b 45 . 5 °; i*®** bio 113 °,”« 2 b 
108°,**®“ bs 81°.25“ 

Dipropyl-, bio 124°.**«‘> 

Di-t-propyl-, m. 7r.*5® 

Di-i-butyl-, m. 48°.«5® 

Me, Ph-, m. 35°;**®“ bio 152°.*”® 

Et, Ph-, m. 57°,*”' 56°.*®«2a 
Pr, Ph-, m. 36°.* 2 * 

Me, p-tolyl-, m. 54° 23® 
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Et, o-tolyl-, m. 69“.^®* 
Ethyleneimino-, m. 126“.^*'** 
Pyrrolidine-, m. 

Piperidine-, m. 233°.^®^® 


R 2 NCSSCN 


Me, Ph-, m. 114°.239 
Et, Ph-, m. 75.5° 23» 

Me, p-tolyl-, m. 116.5°. 2 ®® 

Thioanhydbides 

MeCO-S-eSNHa, m. 99°, 106°.i»®^‘> 

EtCO-S-eSNHa, m. 94°, 99°.i®®7'» 

MeCO-S-CSNHMe, m. 69° dec.i^®^ 

PhCO-S-CSNHMe, m. 

PhCO-S*CSNHPh, m. 64°.i^2. 

MeCO-S-CSN(CH 2 ) 6 , m. 61 °.i®®t» 

Me00C-S-CSNHCH2CH20H, m. 67°. 

EtOOC-S-CSNHz, m. 99.4°. 20 ® 
EtOOC-S-CSNHCH 2 CH 2 NHCOOEt, dec. 59°.i^"® 
EtOOC-S-CSNHPh, m. 72°.i^®® 

PrOCS-S-CSNMe 2 , m. 44°. 
i-PrOCS-S-eSNMePh, m. 42°. 2 ®® 
i-PrOCS*S-CSNEtPh, m. 41°.28» 

(MePhNCS)20, m. 116.5°.“®* 

(EtPhNCS)20, m. 143.5°.“®* 

Me 2 NCO-S-CSNMe 2 , m. 110°.««® 

(Et2NCS0)2P(0)0Et, bio-* 101°; n 20/D 1.5068.“'® 

Disulfides 

(Me 2 NCO) 2 S 2 , m. 91°; 88® 41, m. 110°.'27o 
(Pr 2 NCO) 2 S 2 , m. 50° .“2« 

(Ph2NC0)2S2, m. 196°.'“« 

[0(CH2CH2)2NC0]2S2, 41, m. 85°.'27o 

Thiubam Monosulfides 
(H 2 NCS) 2 S, dec. 103°.“' 

(H 2 NNHCS) 2 S, m. 225°; crystal change at 170°.'®““ 
(Me 2 NCS) 2 S, m. 110°,®“. i®®®*-1®®®« io8°,“2®«. 104°;“® di¬ 

pole moment, 5.29.®®® 

Me 2 NCS-S-CSNEt 2 , m. 55°.“'®*- “^®° 
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(Et2NCS)2S, m. 33°; dao 1.150.i"8«“ 

[ (CH2)5NCS]2S, m. 120° 116.5° 

[(CH2)«NCS]2S, m. 92°.i736b 
Me2NCS-S-CSNEtPh, m. 95°.i’« 

(MePhNCS)2S, m. 151°; dipole moment 2.55.««« 
(EtPhNCS)2S, m. 115°.”» 

(Ph2NCS)2S, dipole moment, 3.4.**® 

[MeS(PhN:)C]2S, m. 85°.i’» 

Thiuram Disulfides 

(MeNHCS)2S2, m. 102°,i7i“-109 dec.**' 

(EtNHCS)2S2, m. 79°,**2 75°.'^'“ 

(PrNHCS)2S2, m. 58°.'^'“ 

(i-PrNHCS)2S2, m. 69°.'”“ 

(i-BuNHCS)2S2, m. 51°.'”“ 

(i-AmNHCS)2S2, m. 62°.'”“ 

(EtOOCCH2NHCS)2S2, m. 84°.*«“ 

(PhNHCS) 2 S 2 , m. 156°.**2 
(PhCH 2 NHCS) 2 S 2 , m. 71°.'”“ 

(Me2NCS)2S2, m. 159°,''2«“ 152°,'28 150.5°,**'‘»-**2 1470,1770 
146° compound containing S**, m. 156°;*'* 

dipole moment, 2.23.**® 

(MeEtNCS) 2 S 2 , m. 72°.*^* 

(Et2NCS)2S2, m. 79°,**2 710,331b, 332 70.5°,'*®* 70°; '2«- *’*• *’®- '4«* 
compound containing S**, m. 70.4°;*®® 2CBr4, m. 106°.**' 
(Pr2NCS)2S2, m. 50°.'”“ 

(i-Pr2NCS)2S2, m. 114°.*« 

(i-Bu 2NCS)2S2, m. 240°.**® 

[(CH2)5NCS]2S2, m. 13r,'2» 130°,'2«-'’* 121°,**'•>• **2 128.5°."« 
t(CH 2)6NCS]2S2, m. 110°.'’**‘> 
fMe(c-Hex)NCS] 2 S 2 , m. 106°.**'‘>> **2 

(MePhNCS)2S2, m. 198°,'”“- ”* 192°; *7* dipole moment, 2.55.**® 
(EtPhNCS)2S2, m. 170°.'”“- "* 

(Ph2NCS)2S2, m. 217.6°;**' dipole moment, 3.4.**® 
tm-02NC6H4(Me)NCS]2S2, m. 172°.**' 

[Me(MeC«H4)NCS]2S2, o, m. 200.2°; m, m. 170.5°; p, m. 183°.**' 
(C9 HiiNCS) 2S2, (tetrahydroquinoline), m. 74°.'®** 
(C9 HiiNCS) 2S2, (tetrahydroisoquinoline), m. 133°.'®** 

(CHaSOaCHjCHaCHNMeCS)2S2, m. 175°.'*®' 

(CHaSOsCHaCHaCHNEtCS)2S2, m. 162-9°.'*®' 
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[H 00 CCH 2 (Me)NCS 2 ]S 2 , m. 

[MeS(MeN)CS] 2 , m. 100"; bi 2 100° 

[MeS(HN:)CS] 2 , m. 85° 

[MeS(MeN:)CS] 2 , m. 100°; bi 2 100°.”i* 

Thiukam Polysulfides 

(Me 2 NCS) 2 S 3 , dipole moment, 4.80.**® 

[ 0 (CH 2 CH 2 ) 2 NC 0 ] 2 S 3 , m. 181 
[0(CH2CH2)2NCS]2S3, m. 150 °,i 2 »b I 53 °.i 28 
(Me 2 NCS) 2 S 4 , m. 131°; !**«•> dipole moment, 5.78.*** 
(Me 2 NCS) 2 S 6 , m. 116°.»« 

[(CH 2 ) 5 NCS] 2 Se, m. 140°,128 I29°.i«*«‘> 

Thiolcarbamic Esters 
RSCONH 2 

Methyl, m. 108 °,”i 2 « lOZ.S",!**** 106°,“” 98°;”* Ac., m. 

146° ,1714b 144» 947C 

Ethyl, m. 109°,*27 log®,ns. 205 . 547 . meb, 1712 . 102%”»7 100 °; i33 
Ac., m. 97°.*“’® 

Propyl, m. 93%”52«. la**^ 91°.’*“ 
t-Propyl, m. 128.5°,”*«‘> 125°.””“ 

Butyl, m. 102°.”*** 

t-Butyl, m. 103.5°,”®** 103°.””- 

Amyl, m. 103.5°.”®*“- ”®** 

i-Amyl, m. 113.5°,”®** 113°,””« 107°.i“*2 

Hexyl, m. 105°.”®*“- ”®** 

Heptyl, m. 105°.”®*“- ”®** 

Octyl, m. 105°.”®*“- ”®** 

Nonyl, m. 105.5°.”®*“- ”®** 

Decyl, m. 106.5°.”®*“- ”®** 

Undecyl, m. 107.5°.”®*“- ”®«* 

Dodecyl, m. 109.5°,”®** 109°.”®*“ 

Tridecyl, m. 110°.”“* 

Tetradecyl, m. Ill°.i3!56b 
Pentadecyl, m. 111.5° .”®**- 
Cetyl, m. 111.5°.”®** 

Heptadecyl, m. 112°.^““* 

Octadecyl, m. 112°,”’ 109°.»»«“ 

Nonadecyl, m. 113-5°.”“® 

Oleyl, m. 106°,»»«“ 
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c-Pentyl, m. 
c-Hexyl, m. 

PhCOCHg-, m. 57“.i»8« 

Hydnocarpyl, m. 94 ° ®»8a 
Chaulmoogryl, m. 102°,®®** 

HOOCCH 2 -! m. 139.5°,’**^ 134° dec.; Me ester, m. 80°; Et ester, 
b. 225° dec.; Am ester, b. 255°. 

PhNHCOCHa-, m. 149°.*’* 

MeCeH 4 NHCOCH 2 -, o, m. 133°; p, m. 187°.i«®’ 
Me 2 CeH 3 NHCOCH 2 -, 2,6-, m. 160°; 3,4-, m. 157°.i«®’ 
o-PhC 6 H 4 NHCOCH 2 -, m. 159°.i«®’ 

O 2 NC 6 H 4 NHCOCH 2 -, m, m. 156°; p, m. 190°.i«®’ 
HOCeH 4 NHCOCH 2 -, 0 , m. 184°; m, m. 176°; p, m. 190°.i«®’ 
p-EtOC 6 H 4 NHCOCH 2 -, m. 177°.i«*« 
p-MeCOC 6 H 4 NHCOCH 2 -, m. 196°.i«®’ 

HOOCC 6 H 4 NHCOCH 2 -, o, m. 190°; p, m. 215°; Et ester, m. 

146° w®7 

2 , 5 -H 0 (Me 02 C)C«H 3 NHC 0 CH 2 -, m. 205°.i«®’ 
p-HOOCCH 2 CeH 4 NHCOCH 2 -, m. 194°.i«®’ 

C 10 H 7 NHCOCH 2 -, a, m. 173°,i«®’ 164.5°; p, m. 197°,i«®’ 186° 
dec.*” 

MePhNCOCHa-, m. 147°,i«®’ 143°.i*« 

EtPhNCOCH 2 -, m. 110 °.i«*« 

PhCH 2 (Ph)NCOCH 2 -, m. 144°.i«®’ 

PhNHNHCOCH 2 -, m. 149°.*’* 

MePhNNHCOCHg-, m. 147°,*^ 146°.*’® 

HOOCCH 2 CH 2 -, m. 150°, 149°,»*®'> 147.5°;®’® amide, m. 111 °; 
decyl amide, m. 17.5°; di-Me amide, m. 125°; anilide, m. 
136.5°; toluidide, m. 146.5°; p-Methoxyanilide, m. 149°.*5®« 
P-O 2 NC 6 H 4 NHNHCOCH 2 CH 2 -, m. 204° dec.**®° 
HOOC(CH 2 )io-, ni. 141°; dodecylthiol ester, m. 99°; decamethyl- 
ene dithiol ester, m. 114.5°; triglyceride, m, 134°.’” 
H 2 NCOOCH 2 CH 2 SCONH 2 , m. 111°.«*2 
H 2 NCOSCH 2 SCONH 2 , m. 170°.””* 

H 2 NCOSCH 2 CH 2 SCONH 2 , m. 232°.””* 
H 2 NC 0 S(CH 2 ) 3 SC 0 NH 2 , m. 179°,””* 176.5°.”*®* 
H 2 NC 0 S(CH 2 ) 4 SC 0 NH 2 , m. 209°,”*2o 208°.”*®* 
H 2 NC 0 S(CH 2 ) 6 SC 0 NH 2 , m. 157.5°.”*®* 
H 2 NCOS(CH 2 )i«SCONH 2 , Ac., m. 187°.”’ 

EtSCONHCONHa, m. 180° dec.”’® 
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i-AmSCONHCONHa, m. 176°, Ac., m. 85 °.i <«2 
MeSCONHC(:NH)NH 2 , HCl, m. >300°.>‘><« 

ArSCONHa 

Phenyl-, m. 98°,^®55- 97°,*«^2 920.1365b 

Tolyl-, o, m. 139.5°,i3»^ 139°; «52b. isss 1090,1357 io8.5°; i362b. 

1358 p uj. 1750 1352b, 1357, 1358 

P-HOC6H4-, m. 172.5°.1352b, 1358 
2,5-HOMeCeH4-, m. 119°.i268 
p-MeOC«H4-, m. 131°.i352b. ms 
p-EtOC«H4-, m. 127°.1352b, ms 

CIC 6 H 4 -, o, m. 145°; m, m. 145.5°; p, m. 176° dec.i332b. ms 

p-BrCeH 4 -, m. 184°.i352‘>, ms 

P-IC«H 4 -, m. 187° dec.i352i>. i358 

O2NC6H4-, m, m. 124°; p, m. 157° dec.i332i>. ms 

H 2 NC 6 H 4 -, P, m. 131 °.1352b, 1358 

p-MeNHC«H4-, m. 135°.i352«», isss 
p-EtNHCeH4-, m. 144°.i352b 

3.4- Me(NH2)CeH3-, m. 136.5°,i358 135.5°.i352b 

C1(NH2)C«H3-, 2,4-, m. 176° dec.;i352b 3 , 4 .^ 159.5°.i358 

3.4- 02N(NH2)C«H3-, m. 176°.i358 

3.4- MeO(NH2)CeH3-, m. 136°.i358 
p-Me2NC6H4-, m. 131.5°.i352b. 1358 
p-Et2NC«H4-, m. 108.5°.1352b. 1358 
P-NCC6H4-, m. 165°. 1358 

P-NCSC 6 H 4 -, m. 199° dec.i33« 

P-HOOCC6H4-, m, m. 184° dec.; i382b. ms p^ 275-308°,i358 

300°.1362b 

a-CioHi-, m. 135.5°.i352b 
p-CeH4(SCONH2)2, m. 199° dec.i332b 

Monosubstituted Thiolcarbamates 
RNHCOSR' 

MeNHCOSR 


Butyl-, m. 41 ".1355 
Dodecyl-, m. 49 °.i 355 
Phenyl-, m. 104°,35» 101 °.i 355 
Benzyl-, m. 48°.i**3 
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HOOCCH 2 -, cyclic anhydride, m. 42®.^®®® 
2 , 4 -(H 0 ) 2 C 6 H 3 -, m. 139®.1258 

EtNHCOSR 


Methyl-, m. 112®.«i 
Ethyl-, b. 204-8®.!®®® 

Butyl-, bi 6 121®.i®»® 

Phenyl-, m. 82®.®59. i467 
HOOCCH 2 -, m. 65®.88!« 

H00CCH2CH(C00H)-, m. 135®; [a]D 103.5.887d 

(CH3)2CHNHC0SR 18“ 

Methyl-, m. 75®. 

Ethyl-, m. 60®. 
p-Tolyl-, m. 97®. 

(•CH 2 CH 2 -) 2 , m. 166®. 
p-C«H4(SCONHCHMe2)2, m. 204®. 

C 4 H 9 NHCOSR 

BuNHCOSMe, m. 41®.!®“ 

BuNHCOSEt, bie 121®.!®“ 
BUNHCOSCH 2 CH 2 COOH, m. 105®.85“ 
i-BuNHCOSCHPh 2 , m. 75®.“® 
MeEtCHNHCOSEt, m. 48®.i®»® 
MeEtCHNHCOSCeHia, m. 46®.i®“ 
<-BuNHCOSMe, m. 88 ®.““' ““ 

<-BuNHCOSPh, m. 115 ®.!®®^. i 354 
<-BuNHCOSC«H 4 Me-p, m. 118®,““ II7®.’®“ 

c-Hexyl NHCOSR 
Methyl-, m. 113 ®.“53 .1354 
Ethyl-, m. 67®.““' ““ 

Propyl-, m. 45®.““- ““ 

Butyl-, m. 68 ®.““' ““ 

Amyl-, m. 40®,““ 39®.““ 

Hexyl-, m. 36®.i®“’ i®“ 

Heptyl-, m. 57®.““'““ 

Octyl-, m. 44®,““ 43®.““ 

Nonyl-, m. 66 ®,““ 65.5®.““ 
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Decyl-, m. i364 

Phenyl-, m. 113.5“ *»» 

Tolyl-, p, m. 125“.i363. i364 
p-ClCett,-, m. 138“,*3«« 137“.**»3 
p-BrC6H4-, m. 144 “.i3m 
(CH2CH2-)2, m. 174“.i»®3- 

CH2(CH2CH2-)2, m. 138“.*35®- 1364 

PhNHCOSR 

Methyl-, m. 84“,”3<« 88“.”i2*' 

Ethyl-, m. 73“.”3<* 
i-Amyl, m, 67 °}*^^ 
c-Hexyl-, m. 114*.!®®® 

HOCH 2 CH 2 -, m. 60“.»i 
HOOCCHMe-, m. 117°.®i»“ 

HOOCCMe 2 -, m. 79-81“, Et ester, m. 79-81 “.”'3" 
HOOCCH 2 CH 2 -, m. 152“.»i» 

Phenyl-, m. 122.5“,i3«3‘» 126“.3«»> 

Benzyl-, m. 97“.”®’“ 

Tolyl-, p, m, 127“.’® 

PhCH2CH2-, m. 110.5“.35» 

Ph 2 CH-, m. 136“.®®' “® 

Isobornyl NHCOSR 1 ®®® 

Methyl-, m. 80“. 

Ethyl-, m. 91 
Butyl-, m. 36°. 

Amyl-, m. 37“. 
c-Pentyl-, m. 111“. 

Phenyl-, m. 90“. 

Tolyl-, p, m. 75“. 

P-CIC 6 H 4 -, m. 103“. 

(•CH 2 CH 2 -) 2 , m. 64“. 
p-CeH 4 =, m. 173“. 

CI 3 CCH (NHCOSR) (NHCOSR') 

Dimethyl-, m. 255“.i®®®* 

Me, Pr, m. 104“.!®®®* 

Dipropyl-, m. 205“.i»®®* 
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Me, Ph, m. 116 “ « 62 a 

Diphenyl-, m. 237.5“,i3«^ 237“,i3»2. 221 “.i «"2 
Ditolyl-, m, m. 217“; p, m. 214“.^*®^ 

( 02 NC 6 H 4 -) 2 , w, m. 210“; p, m. 212“.i35^ 

(2-C4H3S-)2, m. 178“73“d 

Other Alkyl MoNOSUBSTixuTEa) Thiolcarbamates 

Ci 2 H 25 NHCOSMe, m. 49“.i355 
AllylNHCOSCHPh 2 , m. 116“.“® 

01eylNHC0SCH:CHPh, m. 

BZNHCH 2 NHCOSBU, m. 161 “.“53 
BZNHCH 2 NHCOSC 7 H 1 B, m. 151 “.“53 
BzNHCH 2 NHCOSCi«H 2 i, m. 143“.“53 
BzNHCHgNHCOSCeHii, m. 169“.“53 

HOOCCH 2 NHCOSPh, m. 155“,“3 154 “; “ 2 t acid chloride, m. 

87“; Et ester, m. 104“,“8 106“.“27 
HOOCCH 2 NHCOCH 2 NHCOSPh, Et ester, m. 133 “.“ 2 t 
HOOCCHM eNHCOCH 2 NHCOSPh, Me ester, dl m. 123 “.“ 2 t 
HOOCCHM eNHCOSPh, dl, m. 138“; Me ester, m. 56“.“27 
HOOCCHMeNHCOCHMeNHCOSPh, dl, Et ester, m. 132“.“27 
HOOCCH 2 CH 2 CH(COOH)NHCOSPh, m. 113“; [a]g» -22±2; 
anhydride, m. 168“.^®^^ 


ArNHCOSR 

w-MeC6H4NHCOSEt, m. 59“.2“ 

MeCoH4NHCOSCHPh2, 0 , m. 124“; m, m. 102“; p, m. 151“.8« 
p-MeCoH4NHCOSCHMeCOOH, m. 115“.5“* 
MeCeH4NHCOSCPh2COOH, 0, dec. 139“; m, dec. 141“; p, dec. 
138“.8® 

o-02NC6H4NHCOSMe, m. 154“.“® 
p-02NC6H4NHC0SPh, m. 148.8“.35» 

/)-EtOC6H4NHCOSPh, m. 145“.35® 
p-ClCcH4NHCOSPh, m. 141.5“.3®® 
o-MeOOCC«H4NHCOSPh, m. 118.3“.35® 
PhCH2NHC0SCH2C6H4N02-p, m. 137“.“33 
CioHrNHCOSMe, a m. 122“.®“ 

CioHrNHCOSCH2CH2COOH, a m. 151“.®“ 
CioH^NHCOSCHMeCOOH, p m. 156“.®““ 

3-(EtSCONH)-dibenzoselenophene-5-oxide, m. 139“.^“^ 
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Disubstituted Thiolcarbamates 
R'R"NCOSR 

MeaNCOSMe, b. 180“ d 0/4 1.1098/” d 15/4 

1.078, d 21/4 1.0904,«5'> d 22/4 1.0895,1.089; n 21/D 
1.50559.«»‘> 

MeaNCOSBu, bn 112“.««» 

MeaNCOSPh, m. 48“.”5« 

MeaNCOSCHaCOOH, m. 94“,i«»* 85“.«»^« 

EtaNCOSBu, bn 145 

BuaNCOSCHaCHaNMea, bao 37-43“; b. 120-40“; EtI, m. 56“.”»» 
AmaNCOSCHaCHaNMea, EtaS 04 , m. 56“ HaO); ( )a 
EtaS 04 , m. 125“ (l^HaO).”39 

c-HexaNCOSCHaCHaNMea, m. 50“; EtI, m. 191“; EtaS 04 , m. 
179“; EtaS 04 , m. 144“ (5>^HaO); PrI, m. 151“; Pr 2 S 04 , m. 
139“ (6 HaO); Bui, m. 162.5“; BuaS 04 , m. 99.5“; Ami, m. 
180“; AmaS04, m. 99-105“ (3 HaO) .”39 
(CHa) 5 NCOSBu, bn 158“.”3» 

(CHa)BNCOSPh, m. 62“,”53 60“.3«» 
HN(CHaCHa)2NCOSC6H3(OH)2-2,4, m. 215“.”38 
a-PyridylCOSPh, m. 152“.a®® 

MePhNCOSMe, m. 54“,i‘>« 48“; bn 140-2“.”” 

MePhNCOSEt, m. 13“; bn 160-3“.”” 

MePhNCOSPh, m. 71.5“,”«^ 66.5“.”«»'» 

EtPhNCOSMe, bn 149“.”” 

EtPhNCOSPh, m. 97“.”«»*» 

PhaNCOSEt, m. 108“.®” 

Ph 2 NCOSCoH 4 Me-p, m. 182“.®” 

PhaNCOSCHaPh, m. 125“.®” 

Thionc.\rbamic Esters 
ROCSNHa 

Methyl-, m. 43“,”>‘‘”- ””•> 41“;”*' Ac., m. 80“.””® 

Ethyl-, m. 41“,”' ”2- 38“,”®' *27, 786a. 1413b 36_9«^1213 36° 971a. 

40ia 180 133 16 °. d 20/4 1.069; n 20/D 1.520; ”*' Ac.’ m. 
104“,2» 101“;””® valerate, m. 56“;”* Bz., m. 74“;”” 
p-bromobenzoate, m. 99“;^* succinate, m. 167“.”^ 
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Propyl-, in. 

t-Propyl-, m. 81“,i»2.79oc 30°.74 
Butyl-, m. 21“,’^ 190 . 790 c 
t-Butyl-, m. 53 360 . 1203 a 
t-Amyl-, b. 184° dec.®*® 
c-Hexyl-, m. 73.5°,i«»® 70°,"®*° 46°."®"* 

4-Me-c-hexyl-, m. 105°."® 
c-HexCHa-, m. 76°."® 

HOCH 2 CH 2 -, m. 69°."* 

CICH 2 CH 2 -, m. 107°,""®® ® 106°; "^«® ® Bz., m. 180°."”® 
HOOCCH 2 -, m. 112 °,"®*°-"®** anhydride, m. 143°."®** 
HOOCCHMe-, l m. 100-15°; [a]g> 16.6° (abs. calc.)."*" 
Phenyl-, m. 132.5°."®*®« 

P-CIC 6 H 4 CH 2 -, m. 60°."®2 
PhCH 2 CH 2 -, m. 79°. 2 *" 

Menthyl-, l m. 1450 j 207a. 298a molecular refractivity in CeHe 

259.7° .297a 

Bornyl-, n m. 126°; 2 » 8 « l m. 133°,"®* 126°; 2 ® 8 « [a]g> -2.9° ale; "®* 
racemic, m. 135.5°.2®®“ 

6 -Me-bomyl-, m. 127°. 2 ®* 

Isobomyl-, m. 131°."*®" 

4-Me-isobornyl-, m. 122°."*®" 

Dihydrocarvyl-, n m. 63.5°; [a]D 135°; 2 » 8 * l m. 63°; [ajo 
-138.89°; racemic, m. %°.®®* 

Fenchyl-, l m. 130°. 2 ®®® 

Isofenchyl-, 2 forms, oil;" 2 **® m. 70 °;"2®«®.i207 j 15/4 0.8134;" 2 ®*® 
[a]D -37.77°."2®*®-"2®7 
(•CH2CH20CSNH2)2, m. 209°."®®2° 

Carbonic Amides of Thioncarbamates 

HOOCNHCSOMe, Me ester, m. 46°; Et ester, m. 66 °.*®® 
HOOCNHCSOEt, Me ester, m. 83°; *®® Et ester, m. 46°,*®* 45°,*®® 
44°,"""* 2 isomeric forms, m. 44° and 144°;*®" bi 3 135°;"""* 
K salt, m. 225°.*®* 

EtOOCNHCSOPr, m. 32°.*®® 

HOOCNHCSOCHsPh, Me ester, m. 67°; Et ester, m. 103°.*®® 
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Monosubstituted Thioncabbamates 
Alkyl NHCSOR 

MeNHCSO Hex-c, m. 

MeNHCSO isofenchyl, m. 70°; [a]u -37.77^l207 
EtNHCSOEt, b. 204-8“ 

EtNHCSO bornyl, dl m. 67“J»» 

Allyl NHCSOMe, hu 101-6“. 

Allyl NHCSOEt, b. 210-5“/*®^ bu 115-9“.i“’ 

Allyl NHCSOPr, bi 2 119-23“.i«^ 

Allyl NHCSOPh, m. 51“.'^®^ 

Allyl NHCSOCHPha, m. 61 
Oleyl NHCSOCHrCHPh, m. 
c-Hexyl NHCSOMe, m. 42“.2i6 
c-Hexyl NHCSOEt, m. 47-50“ .'213 
MeS 02 CH 2 CH 2 CH 2 NHCS 0 Me, m. 86 “.i^®^ 
MeSOaCHaCHaCH^NHCSOEt, m. 71 
C 4 H»CH(NHCSOEt) 2 , m. 108“.'23 
(•CHaNHCSOEOa, m. 111“.«82 

Tetraacetylglucose NHCSOEt, m. 160“; [a]^i 11.50 (CHCl 2 ) 2 ®''‘’ 
Tetraacetylallylthiourethan glucoside, m. 99“; [a]i^ -17.92“.^^®^ 
Tetraacetyl cheirolinthiourethan glucoside, m, 113“; [a]^ -4.66“ 

(CHCl2)2.“®^ 

Tetraacetyl (PhOCSNH)-D-glucoside, m. 159“; [a] if -2.46.i«» 
Heptaacetyllactose NHCSOEt, m. 119“.*’* 

HOOCCH 2 NHCSOR 

Ethyl-, m. 179-86“ ;»*« Et ester, bio 135-40“.*’* 
i-Propyl-, m. 129“.**® 

Butyl-, m. 71“.**® 

Amyl-, m. 50“.**® 

<-Amyl-, m. 54“.**® 

Hexyl-, m. 62“.**® 

Heptyl-, m, 66 “.**® 

Octyl-, m. 72“.*®> **® 

C 10 H 21 -, m. 63“.**® 

C 12 H 25 -, m. 67“.**® 

Ci 4 H 2 »-, m. 67“.**® 
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Cetyl-, m. 77° 

PhCHaCHaCHa-, m. 88° 

HOOCCHMeNHCSOEt, m. 56°; bis-io 157-9°.8’^‘» 

PhNHCSOR 

Methyl-, m. 97°,i282 96°,i7i2b 950^1195 940110 93.50/398 930.157 
Ac., m. 49°; Bz., m. 95°; 215 930.1713 
Ethyl-, m. 73°,”^2b lois 7101m 590 ea. iiic, ose, 1398 540. 682 

Bz., m. 84°.2i5 
Propyl-, m. 48°,1262 4^0 157 
i-Propyl-, m. 85.5°,1252 85°,i57 55°.“»® 

Butyl-, m. 53 °.157. 400 

i-Butyl-, m. 80 . 5 °,i 252 78 %i 7 i 2 b 750 157 750 1203. 
t-Butyl-, m. 86.5°.15’ 

Amyl-, m. 50°.i5’ 
i-Amyl-, m. 46°,i5’ 21°.i252 
Heptyl-, m. 34°.i5’ 

Octyl-, m. 43°.i5’ 

Nonyl-, m. 47°.i5’ 
c-Hexyl-, m. 80°.5*5 
Allyl-, m. 77°,i5’ 65.5°.i5»« 

MeCICCHa-, m. 69.5°.5ii 
MeOCHaCHa-, m. 46° .55* 

EtaNCHaCHa-, oil; HCl, m. 122°.i’59 
EtaNCHaCHaCHa-, m. 77°; HCl, m. 100°.i’5» 

4-Morpholinyl CHaCHa-, m. 109°; HCl, m. 156.5°.i’5» 

Phenyl-, m. 142°.ii57 
Benzyl-, m. 82.5°.i5»« 

PhCHaCHa-, m. 89.5°.i5’ 

PhCHaCHaCHa-, m. 74°.i57 
PhCHCoHia-, m. 147°.5i» 

PhaCH-, m. 139.5°,55® 136°,«« 125°.ii® 

Menthyl-, l m. 75°; [a] 20 _63.07° (alc.).i5»« 

1.2- 0-Isopropylideneglyceryl-, m. 40°.555 

1.3- 0-Benzylideneglyceryl-, 2 modifications, m. 159°, 138°.555 
1,2,3,4-Di-O-isopropylidene galactose, m. 136.5°; [a]^® -76.6° 

(CHCl3).553 

2,3,5,6-Di-O-isopropylidene mannose, m. 116°; [ajf,® 14.8°.555 
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ArNHCSOR 

PhCHsNHCSOMe, m. 49“ 

MeC 6 H 4 NHCSOMe, o, m. 76“; Bz., m. 92“; m, m. 43“; p, m. 
33 “ 218 

MeC6H4NHCSOCHMe2, p, m. 67“.i»» 

MeC 6 H 4 NHCSOCHPh 2 , o, m. 124“; p, m. 126“ dec.^i® 
BuC«H 4 NHCSOBu, p, m. 49“.i^»« 

PhC 6 H 4 NHCSOEt, m. 117“.i»» 

MeaCeHaNHCSOEt, 2,3-, m. 108“; 2,5-, m. 85“; 3,5-, m. 88“7»» 
HOC 6 H 4 NHCSOBU, m, m. 110“; p, m. 81“.“»« 
MeOC 6 H 4 NHCSOMe, p, m. 103“ 

MeOC 6 H 4 NHCSOEt, o, m. 81“,2ie 65“; Bz., m. 104“; rn, m. 

85“; p, m. 68 “;^»» Bz., m. 89“.2« 

MeOC 6 H 4 NHCSOBu, p, m. 39“.^i»» 

EtOC«H 4 NHCSOMe, 0 , m. 66 “; p, m. 81 
EtOCeH 4 NHCSOEt, w, m. 75“; p, m. 95“,i»» 92-6“.^i»® 
EtOC«H 4 NHCSOBu, p, m. 71 
EtOC 6 H 4 NHCSOAm, p, m. 64“.“»» 

EtOC«H 4 NHCSOC 8 Hi 7 , p, m. 38“.“»« 
EtOC 6 H 4 NHCSOCH 2 CH 2 NEt 2 , p HCl, m. 146“. 
BuOC«H 4 NHCSOEt, p, m. 66 “.“»» 

BuOC«H 4 NHCSOBu, p, m. 49-52“.ii®5 
AmOC«H 4 NHCSOBu, p, m. 45“.“»« 

Allyl OC«H 4 NHCSOMe, p, m. 70“.ii»» 

Allyl OC«H 4 NHCSOEt, p, m. 65“,“»« 64“.“®« 

Allyl OC 6 H 4 NHCSOPr, p, m. 59“.ii»« 

Allyl OC 6 H 4 NHCSOCHMe 2 , p, m. 64“.“»« 

Allyl OC«H 4 NHCSOBu, m, m. 47“; p, m. 48“,“»» 49“.“»« 
Allyl OC 6 H 4 NHCSOCH 2 CHMe 2 , p, m. 66 “.“®'' 

Allyl OC«H 4 NHCSOAm, p, m. 56“.“®« 

Allyl OC«H 4 NHCSOC 6 Hi 3 , p, m. about 20“; biss 197-9“; n 23/D 
1 . 5708 . 11 ®“ 

Allyl 0 C«H 4 NHCS 0 Allyl, p, m. 66 “,ii®« 65“.“®“ 

Allyl OC 6 H 4 NHCSOCH 2 CH 2 NEt 2 , p HCl, m. 147“.“®“ 
PhOC 6 H 4 NHCSOBu, p, m. 72“.“®“ 

(MeOsCeHsNHCSOEt, 2,5-, m. 72“; 3,4-, m. 72“; 3,5-, m. 83“.i®® 
ClC 6 H 4 NHCSOMe, p, m. 106“.“®“ 

ClC 6 H 4 NHCSOEt, m, m. 82“, p, m. 105“, 1 ®® 102.5“.®^ 



274 


Organic Chemistry of Bivalent Sulfur 

- 4 - 

2.4- Cl2C«H3NHCSOMe, m. 48.5“ 

CbCeHsNHCSOEt, 2,4-, m. 2,5-, m. 80“; 3,5-, m. 

131“ 100 

2.4- Cl2CeH3NHCSOPr, m. 72“.276 

ClMeC 6 H 3 NHCSOEt, 2,3-, m. 77“; 2,5-, m. 59“; 3,2-, m. 88°; 3,4-, 
m. 88“; 3,5-, m. 105“; 3,6-, m. 81 “; 42-,^. 79“; 4,3-, m. 101 
ClMe2CeH2NHCS0Et, 3,4,6-, m. 115“.i»» 
Cl(MeO)C 6 H 3 NHCSOEt, 3,4-, m.96“; 3,5-, m. 86“; 3,6-, m. 81“; 
4,3-, m. 124“.»»» 

FC«H4NHCS0Et, m. m. 84“; p, m. 86“.i»» 

BrC 6 H 4 NHCSOEt, m. m. 94“; p, m. 107“.i»* 

2.4- Br2C6H3NHCS0Et, m. 62“.2 t« 

2.4- Br2CflH3NHCSOPr, m. 68“.2^« 

IC«H4NHCS0Et, m, m. 107“; p, m. 98“.i»» 
02 NC 6 H 4 NHCS 0 Me, o, m. 68“;«» m, m. 

02NCeH4NHCS0Et, o, m. 59“;»»» m, m. 115“; »»»■ isso 

17go 846, 1422 1 75°.199 

02 N(Me)C«H 3 NHCS 0 Et, 4,2-, m. 95 . 5 “,i'» 5 o 72 °; 3 ^ 2 -, m. 110“; 

6,2-, m. 109“; 4,3-, m. 89“; 6,3-, m. 112“; 2,4-,'m. 116“. 
02N(M^0)C«H3NHCS0Et, 4,2-, m. 76“.i»» 
02N(F)C«H3NHCS0Et, 3,4-, m. 118“.i«« 
Me 2 NCeH 4 NHCSOCH 2 CH 2 NEt 2 , p, m. 76“; HCl, m. 163“.i^«» 
Me2NC4,H4NHCSOCH2CH2N(CHBCH2)20, p, m. 97“; HCl, m. 

166°.ii69 • 

Me 2 NCeH 4 NHCSOPh, p, thiobenzamide, m. 122“.i^«« 
NCCeH 4 NHCSOEt, o, m. 126-9“; m, m. 95“; p, m. IIO**.!®® 
OCHC 6 H 4 NHCSDEt, m, m* 147“; p, m. 135“.i»» 
p-MeCOCeH 4 NHCSOEt, m. 111“.«» 
p-CioH7NHCSOMe, m. 105“<.i3»8 

p-Ci«H7NHeSOEt,'m. 97“.»38 .i422 

p-CioH 7 NHCSOPr, m. 84“.i398 ' 
a-CioH7NHCSOCi8H37-2, m. 49“.333 

o-CioH7NHCSOCeH„, m. 110“.333 .. 

a-CioH 7 NHCSOCHPh 2 , m. 163“.3»3 
C 6 H 4 (NHCSOEt) 2 , m, m. 116“; p, m. 197“.i2« ' 
MeCeH 3 (NHCSOEt) 2 , m. 120 “ (from m-Uoluene isothiocya¬ 
nate) 
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Disubstituted Thioncarbamates 
RR'NCSOR" 

MeaNCSOR 

Methyl-, m. 3.2°; bio 68.2°,“«‘>'b. 193°,192° 
d 14/2 1.0792,«s‘’d 15/4 1.0783,«’ 1.0773,“»*’1.078; n 14/D 
1.52657.«»‘' 

Ethyl-, m. .15°,™®* 14.3°; bio 82.6°,M«*' b. 206°; d 14/4 
1.0311,d 15/4 1.0343,”»‘' 1.0310,d 20/4 1.028; n 20/D 
1.5075,^®®° n 14/D 1.51193.'‘»«‘> 

Propyl-, bi 2 97°; d 15/4 1.0160.“«<^ 
i-Butyl-, m. 28.8°.“»«= 
t-Amyl-, bio 119°; d ^5/4 0.9688.“«<^, 
c-Hexyl-, m. -2°; bg 136°.^*®® 

Phenyl-, m. 30.4°.!®*®“ 

Tolyl-, o, m. 55°; p, m. 93°.«<®« ’ 
o 02 NCeH 4 -, m. 124°.”^®* 

Bornyl-, dl m. 112.5°.’*® 

HOOCCHMe-, d m. 124° ; [a] d -70.2°; solubility in water at 20° 
20.0 g./l.; DL m. 136.7°; Et ester, bio 146-7°; d 20/4 1.097; 
n 20/D 1.4925.’®®® 

Estebs of Other Acids 

Et 2 NCSOMe, b. 210°,"’ bio 105.2-5.6°; “«« d 0/4 1.0317,«’ d 
14/4 1.0192,«®® d 15/4 1.0078,^’®° 1.0183;«’ n 24/D 
1.50670.«®® 

Et2NCS0Et, bao 114°,’”® b. 224°;«’ d 15/4 0.9882; n 15/D 
1.50214."®® 

Et2NCS0 bomyl, di^ m* 35°.’®® 

(CH 2 ) 5 NCSOMe, m.'23°; bi« 120-2°."’ 

(CH 2 ) 6 NCSOPr, m. 35°."’ 

3.N02-4-pyridyl CSOCHMe, HCl, m. 176°.”®® 

3-N02-4-pyridyl CSOBu, m. 148°.”®® 

MeN(CH|CH2)2NCS0Et, bs 117-8°.®*® 

\ MePhNCSOMe, b^ 152°.”” 

MePhNCSOEt, big 145-50°.”” 

MePhNCSOPh, m. 104°.”«®« 

EtPh^CSO]\^e, m. 42°; big 149°.”” 
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EtPhNCSOEt, m. 18°; b ,2 143.6“; dig I.O 66.121 
EtPhNCSOPh, m. 69.2 “.121 
CeHigPhNCSOEt, m. 147“.3i» 


Dithiocarbamates 


RSCSNH 2 


Methyl-, m. 42“; Ac., m. 119“; 

propionamide, m. 108“; i-valeramide, m. 87“; di- 

chloracetamide, m. 125“;®®^ Bz., m. 135“,^®*® 134“;®®^ p-nitro- 
benzamide, m. 104“; 2,4-dichlorobenzamide, m. 127“; 3,5-dini- 
trobenzamide, m. 173“;®®^ phenylacetamide, m. 133“;®^® 
PhCHgOCONHCSSMe, m. 134.5“.®®i 
Ethyl-, m. 42“,327. 408d. 4 i 3 a. 4 i 6 a 41 o. 272 Ac.,272. 408d. 416a phenyl¬ 
acetamide, m. 125“.®’® 

Propyl-, m. 58“,“®®®*«®«-57“;’^® Ac., m. 78“.’”®“ 
i-Propyl-, m. 97“.®®®®- «2® 

Butyl-, m. 47“."®- "® 
e-Butyl-, Ac., m. 113“."®®® 

1 -Amyl-, m. 51.5“;®®® Ac., m. 84“.®’®®« 

Hexyl-, m. 50“.®®® 

Heptyl-, m. 60“.®®® 

Decyl-, m. 76“.®®® 

Cetyl-, Ac., m. 90“.®’®®* 

C 18 H 37 -, Ac., m. 96“.®2’ 

Allyl-, m. 32“.®’®® 

MeClC:CHCH 2 -, m. 27“.’®® 

Phenyl-, Bz., m. 99“.®®® 

Benzyl-, m. 90“; ®®®®- ®®®“ Ac., m. 136“,®’®®* 137“; ®®®® phenylaceta¬ 
mide, m. 123“;®’® PhCH 2 SCSNHCOOCH 2 Ph.®®® 

PhCH 2 CH 2 -, m. 66 “.®’®® 

PhCH 2 CH 2 CH 2 -, m. 71“.®’®® 

Ph(CH 2 ) 6 -, m. 75“.®’®® 

PhCH:CHCH 2 -, m. 124“.®’’ 

P-O 2 NC 6 H 4 CH 2 -, m. 135“.“®®® 

MeCOCHa-, m. 82“.®®®’® 

0 HCCH 2 CHMe-, m. 116“.®®®* 

MeCOCH 2 CMe 2 -, m. 129“.®®®* 

PhCOCHg-, m. 103“,®®®’®-®®®® resolidifies and'm. 170“.®®®’® 
MeC 0 CH 2 CHPh-, m. 124“.®®®* 
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PhCOCHaCHPh-, m. 15 

HOOCCH 2 -, m. 137^ anhydride, m. 169“; Bz., m. 156“; 

2,4-dichlorbenzamide, m. 163“.®®^ 

HOOCCH 2 CH 2 -, m. 126“; «««- anhydride, m. 120“; Et ester, 
m. 66“; Me ester, m. 69.5“; amide, m. 126“; Zn salt, m. 
145“.««« 

HOOCCH2CH2CH2-, Ac., m. 178“;Me ester, m. 69 . 5 “.««« 
HOOC(CH 2 )io-, Ac., m. 100“; dodecyl thioester-, Ac., m. 89“; 
decamethylene dithiolester, di Ac., m. 102.5“; triglyceride, tri- 
Ac., m. 119“.»27 

EtOOCCH 2 COCH 2 -, m. 12r.i‘>«7‘> 
p-MeC«H 40 CH 2 -, Bz., m. 93.5“.«» 
p-Me 0 C«H 40 CH 2 -, Bz., m. 106“ 
p-BrC«H 40 CH 2 -, Bz., m. 100“. 

CIC 6 H 4 OCH 2 -, Bz., 0 , m. 87“ ; m, m. 97“; p, m. 96“.«* 
Cl 2 C«H 30 CH 2 -, 2,4-, Bz., m. 107“; 2,5-, m. 142“.«» 
ClMeCeH 30 CH 2 -, Bz., 4,2-, m. 89“; 4,3-, m. 120“.«® 
P-O2NC6H4OCH2-, m. 138“.«« 

4 , 2 -C 1 ( 02 N)C«H 30 CH 2 -, m. 150“.«5 
a-CioH 70 CH 2 -, Bz., m. 115“.«5 
2-Cl-pyrimidine-6-acetyl-, m. 284“. 2 ®® 

7-Cl-4-quinoline-, m. 148“.®®® 

CH 2 (SCSNH 2 ) 2 , m. 166“; Bz., m. UP."!®** 

(•CH2SCSNH2)2, m. 189“."^®“ 

CH2(CH2SCSNH2)2, m. 176.5“.!®®®® 

(•CH2CH2SC8NH2)2, m. 208“.!®®®® 

CH 2 (CH 2 CH 2 SCSNH 2 ) 2 , m. 157.5“.!®®®® 

[•(CH2)5SCSNH2]2, di Ac., m. 159“.!®^ 

(:CHCH 2 SCSNH 2 ) 2 , m. 165“.!’® 

02 S(C6H4SCSNH2 -p)2 , m. 198“ dec.!®!® 

Monosubstituted Dithiocabbamates 
R'NHCSSR 

MeNHCSSMe, b 2 o 156“;!’!® Ac., b 32 156-8“.“®®®-«®* 
MeNHCSSCHsPh, m. 80“; Ac., m. 80“.“®®® 
MeNHCSSCHjNHBz, m. 122“.!“®® 

MeNHCSSCH 2 CH 2 CN, m. 38“.“®“« 

MeNHCSSCH 2 CH 2 COOH, m. 85“.“®“' 

EtNHCSSEt, b. 210-5“.!®®® 
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EtNHCSSCHaCHaCN, m. 91 

EtNHCSSCHaCHaCOOH, m. 74*; amide, m. 118"; Et 

ester, m. 32°.^®^® 

EtNHCSSCH(COOH)CH 2 COOH, dl m. 109"; d m. 113"; [a]D 
55 . 6 ". 88 ^‘> 

i-AmNHCSSEt, bis 168".i’i‘> 

1- AmNHCSSPh, m. 

Allyl NHCSSMe,b 2 T 122"; d 20/4 1.0792; n 20/D 1.5379.i3*» 
Allyl NHCSS bornyl, m. 60" 

HOOCCH 2 NHCSSEt, m. 124"; Me ester, m. 75"; Et ester, m 

72 ° #51 

HOOCCH 2 NHCSSOct, m. 100",99" 
H00CCH2NHCSSC,2H25, m. 111".»<» 

HOOCCHMeNHCSSEt, dl m. 114"; active, m. 107".''’i‘> 

2- Thiazolyl NHCSSMe, m. 185 
Campholyl NHCSSMe, m. 147". 
(•CH2NHCSSCH2CH2C0NH2)2, m. 189". 

PhNHCSSR 

Methyl-, m. 96",i3»8 93.5",i«^»“ 88".i’34« 

Ethyl, m. 61",‘3»» 59.5";i‘>^*“ dipole moment 3.20.®®® 

Propyl-, m. 67".^®®® 
t-Amyl-, m. 71".^^®^® 

Allyl-, m. 42".i^i‘> 

EtOOCCHa-, m. 63".i’“> 

HOOCCH 2 CH 2 -, m. 154";amide, m. 140".2ii 
Phenyl-, m. 106" 

Benzyl-, m. 85".®®^ 

0 -O 2 NC 6 H 4 CH 2 -, m. 12r.27‘i 
Ph 2 CH-, m. 130".*®“2 


PhCH 2 NHCSSR 

Methyl-, m. 57".2i5 
Ethyl-, m. 52".2i5 
NCCH 2 CH 2 -, m. 54".^®^' 

HOOCCH 2 CH 2 -, m. 94"; amide, m. 158";^®^' 159"; 2 “ Benzyl 
ester, oil.^®^* 

P-O 2 NC 6 H 4 CH 2 -, m. 91"; Bz., m. 114".i583 
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Other ArNHCSSR 

PhCHaCHaNHCSSCHaCHaCN, m. 
PhCHaCHaNHCSSCHaCHaCONHa, m. 139“. 
m-MeC 6 H 4 NHCSSEt, m. 63“.2i5 
o-EtCeH 4 NHCSSMe, m. 
p-PrCoH 4 NHCSSMe, m. 
p-BuCeH 4 NHCSSMe, m. 

2.4- Me2C„H3NHCSSMe, m. 103“.2» 

2.4- Me2C6H3NHCSSEt, m. 
p-MeOC 6 H 4 NHCSSMe, m. 101 
p-MeOCeH 4 NHCSSEt, m. 77\^^^ 

EtOCeH 4 NHCSSMe, o, m. 52“; p, m. 104“.2i5 
EtOCeH 4 NHCSSEt, o, m. 79“; p, m. 

BrCeH 4 NHCSSMe, o, m. 120“; p, m. 69“.2« 
p-H 2 NCeH 4 NHCSSMe, m. 140“.'*i« 
m-EtOOCC 6 H 4 NHCSSMe, m. 73“.2« 
m-EtOOCCeH4NHCSSEt, m. 67“.2i» 

p-HOOCCeH 4 NHCSSCeH 4 Me-p, Me ester, m. 174“; Et ester, 
in. 167“; i-Pr ester, m. 141“; Bu ester, m. 130“; i-Am ester, 
m. 126“; allyl ester, m. 143“.^^* 

CioHiNHCSSMe, m. 117“.i3»8 
CioH.7NHCSSCH2COOEt, a m. 81“; p m. 83“.i«^o 

Disubstituted Dithiocarbamates 
Me2NCSSR 

Methyl-, m. 47“; 4i5a 243“' 

d 18/4 1.0861; n 18.5/D 1.58118; ultra violet absorption.® 
Ethyl-, m. 2“; b. 252“; 4i5«, leio j o/4 1.1255,“®®®* 

412c, 4i5« 1.12581,““®“ d 15/4 1.114, d 18/4 1.1112,““®® d 18.5/4 

1.1108, ““®“ d 19/4 1.1104;““®® n 18/D 1.59588, n 19/D 
1.57526; ““®® dipole moment, 3.22.®®® 

Butyl-, bao 157-9“;®®® b 25 170-5“.®“® 

Hexyl-, bio 168“.®®® 

Dodecyl-, m. 40“.®®® 

Cetyl-, m. 49“.®®® 

Allyl-, m. 2“;“®«® bso 140“,®®® b. 252“; d 0/4 1.12581, d 18.5/4 

1.1108. “®«® 

BuOCHa-, bz 137“ : d 25/4 1.0791; n 25/D 1.5551.®“®' 
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HOCH 2 CH 2 -, b. 162°; p-nitrobenzoate, m. 141°; monosuccinate, 
m. 80°; monophthalate, m. 109°; PhNHCOOCH 2 CH 2 -, m. 

103°.1204b 

HSCH 2 CH 2 -, m. 86 °.^«« 

CH 2 :CC 1 CH 2 -, m. 37 °;’ 28.720 bj 126-^°.’2» 

C1CH:CHCH2-, n 25/D 1 . 6135.’28 
MeClC:CHCH 2 -, m. 28°.’28.72o 
MeCOCH 2 -, m. 73°,’204b 58».i372 
NCCH 2 -, m. 73 °.’204b 
NCCH 2 CH 2 -, m. 38°.'‘«4* 

HOOCCH 2 -, m. 148°, 1440 ; 861 b amide, m. 125 °;’ 204 b 
122 °; 1016 b. 1017* Me amide, m. 115°; PhCH 2 amide, m. 112°; 
Me ester, m. 48°; 1204 b ester, m. 64°,i^®* 60°; Pr. ester, m. 

440 1204b 

H 2 NNHCOCH 2 -, m. 134°; Me 2 C:NNHCOCH 2 -, m. 160°; 

PhCH 2 C(COOH):NNHCOCH 2 -, m. 160 °. 1204 b 
PhNHNHCOCHa-, m. 95°.i204b 

HOOCCHMe-, m. 135°; amide, m. 127°; Me amide, m. 95°; Me 
ester, m. 38.5°; Et ester, m. 59.5°.i204b 
HOOCCMe 2 -, m. 137°; amide, m. 69°; Me amide, m. 61°.i204b 
HOOCCH 2 CH 2 -, m. 143°,««’ 140.5°; amide, m. 121°.'‘«4* 
EtOOCCH(COMe)-, m. 68 °.i”» 

2-Benzothiazolyl-, m. 123°.i®®® 

2-Benzoquinonyl SCH 2 CH 2 -, m. 133 °.i «82 

2-(l,4-Naphthoquinonyl) SCH 2 CH 2 -, m. 209°.i«82 

PhNHCH 2 -, m. 83°.’23b 

Me 2 NCH 2 -, m. 39°.^^i 

Ph 2 NCH 2 -, m. 93 °.’23b 

Ph(a-CioH 7 )NCH 2 -, m. 174°.’23b 

Me 2 NCH 2 CH 2 -, m. 38°; 303*. ms b^g 170_6°; 1538 hCI, m. 181°,3«3« 
180 °,i538 1390 j 386 MeCl, m. 198°; Mel, m. 197°; Me 2 S 06 , m. 
100 °; Ci2H25Br, m. 122°.i638 
Et 2 NCH 2 CH 2 -, HCI, m. 145°.38« 

PhNiCHCHs-, m. 72°.ii2io 
HN:C(OEt)CH 2 -, m. 58°; HCI, m. 140°.i204b 
H 0 N:C(NH 2 )CH 2 -, m. 162°; p-nitrobenzoate, m. 195°.i204b 
H 2 NN:CMeCH 2 -, m. I27°.i204b 

HON:CMeCH 2 -, m. 101°; Ac., m. 191°; Bz., m. 167°.i204b 
2 , 4 -( 02 N) 2 C 6 H 3 NHN:CMeCH 2 -, m. 146 °. 1204 b 
H 2 NCONHN:CMeCH 2 -, m. 217° dec.i204b 
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H 2 NCSNHN:CMeCH 2 -, m. 176°.i204b 
H0N:C(NHC0NHPh)CH2-, m. 139“.i204b 
HaNCHONOCCHaCHa-, m. 

H 2 N(HN:)CCHaCHa-, picrate, m. 

9-Acridyl-, m. 230°.^®® 

2-Me-9-acridyl-, m. 217°.286 
2-MeO-9-acridyl-, m. 190 . 5°.286 

2- Cl-2-MeO-9-acridyl-, m. 190° .2®® 

3- Cl-9-acridyl-, m. 204° 2®® 

Phenyl-, m. 75.5°.®!® 

Benzyl-, m. 41°;3»«-»«« bao 220°.®®® 

Tolyl-, 0 , m. 82°; p, m. 113° ®i® 

PhCHaCHa-, m. 46° ®«« 

P-O 2 NC 6 H 4 -, m. 157°,»«« 154° 81® 

2.4- (02N)2C6H3-, m. 153°;»«« dipole moment, 6.31.«»« 
p-BrC6H4-, m. 121° 81 ® 

2.4- Me2CeH3CH2-, bio 219-22°.««« 
p-02NCeH4CH2-, m. 107°.9«« 
p-ClCeH4CH2-, m. 55°.»«« 

CI 2 C 6 H 3 CH 2 -, 2,4-, m. 83°; 3,4-, m. 76°.»«« 

3 .4- 02N(Me0)C6H3CH2-, m. 103°.»8« 
p-MeC 6 H 40 CH 2 CH 2 -, m. 65°.»«« 
p-Me 3 CC 6 H 40 CH 2 CH 2 -, m. 62°.®®® 
4 , 2 -Me(Me 3 C)C 6 H 30 CH 2 CH 2 -, m. 79°.®®® 
p-ClCeH 40 CH 2 CH 2 -, m. 74°.®®® 

2 .4- Cl 2 C 6 H 30 CH 2 CH 2 -, m. 74°.®®® 
p-ClCeH40(CH2)3-, m. 93°.®®® 
p-ClCeH40(CH2)4-, m. 65°.®®® 
p-ClCaH4SCH2CH2-, m. 97°.®®® 
p-ClCeH4CH2SCH2CH2-, m. 51°.®®® 

2 .4- 02N(0CH)C6H3-, m. 132°.827 

02 N(H00C)C6H3-, 2,4-, amide, m. 198°; Me ester, m. 130°; 
4,2-, c-Hexyl ester, m. 113 °.827 

Bis-Dithiocarbamates 

CHaCSCSNMeala, m. 153°.18 ®t 
(CH aSCSNMeala, m. 189°.2“® 

C0(CH2SCSNMe2)2, m. 158°.i372 
MeCOCH(CH 2 SCSNMe 2 ) 2 , m. lOr.^^* 
PhC 0 CH(CH 2 SCSNMe 2 ) 2 , m. 141°.i«“ 
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CO|CH(CH2SCSNMe2)2]2, m. 

EtOOCCH(SCSNMe 2 ) 2 , m. 

MeN(CH 2 CH 2 SCSNMe 2 ) 2 , m. 60^ HCl, m. 165°; Mel, m. 161°; 
Me 2 S 04 , m. 131°.i538 

Me2NCSSCH2C(NMe2):CHSCSNMe2, m. 103°.i372 
4 , 2 -Me(Me 2 NCSSCH 2 )C 6 H 30 CH 2 CH 2 SCSNMe 2 , m. 115°»«« 
S(CH2CH2SCSNMe2)2, m. 112°»«« 
p-CeH4(CH2SCSNMe2)2, m. 179° »«« 

EteNCSSR 

Methyl-, m. 2 °;« 2 c b. 256°; d 0/4 i .og/y/osb, 4 i 2 c, 4 i 5 a j 17/4 
1.0870,‘‘«8‘*>«®'‘ d 18.5/4 1.0861; n 18.5/D 1.58118.«5b 
Allyl-, b. lll°.i««« 

Phenyl-, m. 46° 
p-Tolyl-, m. 78°.®^^ 

PhaC-, m. 153 °. 22 eb 

CHarCClCHa-, bi 128-30°;’28. 72 # „ 25/D 1.5822.’28 
C1CH:CHCH2-, m. 25/D 1.5891 
ClMeCH:CHCH 2 -, b 2 158 - 60 °;^ 25/D 1.5800.’28 
PhCOCH 2 -, m. 104°. 

NCCH 2 CH 2 -, 

H2N(HN:)CCH2CH2-, m. 189°.‘‘«^« 

H 2 N(H 0 N:)CCH 2 CH 2 -, m. 59°.‘‘'>^“ 

HOOCCH 2 -, m. 89°.s"** 

HOOCCH 2 CH 2 -, m. 98°,««’ 95°,««« 91.5°; amide, m. 106°,“®"“ 
105°.2“ 

H00CCH2CH(C00H)-, m. 107°; [ajo -6.67.88’®' 
H2NC0CH2CH(C00H)-, l m. 128°; [ a]n -18.8; d m. 145°; 

[a]D 74.3; l Et ester, m. 86°.887® 

HOOCCH 2 CH(COOEt)-, l m. 111°; amide, m. 86°.887b 
Me 2 NCH 2 CH 2 -, bie 180-5°; “538 hCI, m. 133°.88e 
Et 2 NCH 2 CH 2 -, bi 2 180°; “838 hCI, m. 107 °, 88 e 105°.“888 
MeaNCHsCHMe, HCI, m. 133°.88« 

HSCH 2 CH 2 -, m. 90°.“®8 
CICH 2 CH 2 SCH 2 CH 2 -, m. 40.5°.“27» 

S(CH 2 CH 2 SCSNEt 2 ) 2 , m. 66°.“27» 

2-Benzothiazolyl-, m. 79.5°,“®®® 79°.“8®® 

4,5-Dihydronaphtho [1,2] -thiazol-2-y 1-, m. 118° .883 
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PraNCSSR 

Methyl-, m. 0°; b. 275 4i5« 193 °. 408b, 4 i 5 « ^ o/4 

l. 0475,‘‘«8‘>-«2c.416« ^ 13/4 1 0377,408b. 415a ig /4 1.0340; n 
18/D 1.56087.«5'* 

Ethyl-, b 28 170-2^”l•• 

Propyl-, bio 

P-02NC«H4CH2-, m. 60°.«2c 

BugNCSSR 

Ethyl-, dipole moment, 3.25.®®® 

Butyl-, bi 163“.242 

Vinyl-, bo 148°; n 25/D 1.5543.”® 

HOOCCH 2 -, m. 69°.s®!® 

H 2 NCOCH 2 CH 2 -, m. 62 °.211 
Me 2 NCH 2 CH 2 -, bo .2 HCl, m. 93°.®®®- 

Et 2 NCH 2 CH 2 -, bo .2 167-9° HCl, m. 92°.®««> 
Me 2 NCH 2 CHMe-, bo .2 162-4°; HCl, m. 93°.»««* 

Higher Dialkyldithiocarbamates 

Am 2 NCSSAm, bn 160-B0°.2« 

Allyl 2 NCSSCH 2 CCl:CH 2 , bi 146°; ^ 28.720 ^ 25/D 1.5881.''28 

(CH 2 ) 5 NCSSR 

Methyl-, m. 34 °,« 2 o 32 °; bio 164-6°.®»® 

Vinyl-, bo 151°; n 25/D 1.5978.^i® 

HOCH 2 CH 2 -, m. .18°; p-nitrobenzoate, m. 91°; monophthalate, 

m. 125°; monosuccinate, m. 56°; PhNHCOOCH 2 CH 2 -, m. 

92° 1204b 

HSCH 2 CH 2 -, m. 11 r.-*®® 

MeCOCH 2 -, m. 62°; oxime, m. 110 °; hydrazone, m. 84°; 2,4- 
dinitrophenylhydrazone, m. 135°; semicarbazone, m. 183°; 
thiosemicarbazone, m. 175°.^204b 
Me 2 NCH 2 CH 2 -, EtI, m. 140.5°; Et 2 S 04 , m. 76°; ( ) 2 Et 2 S 04 , 
m. Il7°.i®»«“ 

NCCH 2 -, m. 74 °.i 2 « 4 b 
NCCH 2 CH 2 -, m. 79.5°.'*®"'* 

HN:C( 0 Et)CH 2 -, m. 54°; HCl, m. I90°.i204b 
H 0 N:C(NH 2 )CH 2 -, m. 77 °." 2 « 4 b 
HN:C(NH 2 )CH 2 CH 2 -, HI, m. 162.5°.'*®"“ 
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H 0 N:C(NH 2 )CH 2 CH 2 -, m. 

HOOCCH 2 -, m. 143 “; 1204b amide, m. 145“,i®”* 144.5“,i»i«'’ 
143 “; 1204b anilide, m. 121“; Me ester, m. 59.5“; Et ester, 
m. 68“.i204b 

H 2 NNHCOCH 2 -, m. 141 “.1204b 

PhNHNHCOCH 2 -, m. 185“.i204b 

HOOCCH 2 CH 2 -, m. 104“; amide, m. 116“,“®^“ 115“.2ii 

Phenyl-, m. 78“.®i® 

p-Tolyl-, m. 90.4“.^ 1 ® 

2.4- 02N(H00C)C6H3-, m. 89 “.^27 
Benzoquinone SCH 2 CH 2 -, m. 123“.i«82 

1.4- Naphthoquinone SCH 2 CH 2 -, m. 163“. 1 ®“ 
CH2[CH2SCSN(CH2)5]2, m. 140“.1’®“ 

[•CH2CH2SCSN(CH2)6]2, m. 125“.i’3- 
CH2[CH2CH2SCSN(CH2)5]2, m. 103“.i73> 
[♦CH2CH2CH2SCSN(CH2)5l2, m. 94“.i’®“ 
[•CH2(CH2)4SCSN(CH2)5]2, m. 90“.i^®« 

Dithiocabbamates of Other Cyclic Amines 

Pyridyl CSSMe, 2-, m. 89“; 3-, m. 135“.®i« 

Quinolyl CSSMe, 5-, m. 148“; 6-, m. 161“; 8-, m. 101 “.»i« 
4-IsoquinolylCSSMe, m. 140“.®i® 

0(CH2CH2)2NCSSR 

Vinyl-, bi 8 93“; n 25/D 1.5296.’i6 
C 1 CH:CHCH 2 -, m. _lO“;728.72o „ 25/D 1 . 6261.^28 
MeClCH:CHCH 2 -, m. 57 “.’ 28 . 72 * 

HOCH 2 CH 2 -, m. 47“; p-nitrobenzoate, m. 117“; monosuccinate, 
m. 97“; monomaleate, m. 100“; monophthalate, m. 128“; 
PhNHCOOCH 2 CH 2 -, m. 152“.i2®4«» 

HSCH 2 CH 2 -, m. 103“.“®® 

MesNCHzCHz-, EtI, m. 124“; Et 2 S 04 , m. 68 “; ( ) 2 Et 2 S 04 , m. 

117 “ 16968 

MeCOCH 2 -, m. 94“; hydrazone, m. 98“; 2,4-dinitrophenylhy- 
drazone, m. 147“; oxime, m. 102“; semicarbazone, m. 186“; 
thiosemicarbazone, m. 186“. 12 ®“*’ 

NCCH 2 -, m. 103“.12®“!- 
NCCH 2 CH 2 -, m. 86.5“.“®“* 

H 0 N:(H 2 N)CCH 2 -, m. 156“.i2®“'» 
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NH:(EtO)CCH2-, m. 79“; HCl, m. 139“.i204b 
H0N:(H2N)CCH2CH2-, m. 

NH:(H2N)CCH2CH2-, picrate, m. 194“ 

HOOCCH2-, m. 162“; amide, m. 155“,1204b 146»; 211 Me ester, m. 

57“; Et ester, m. 70“.1204b 
H2NNHCOCH2-, m. 133“.1204b 
PhNHNHCOCH2-, m. 84“. 1204b 

HOOCCH2CH2-, m. 123.5 “amide, m. 146“,211 138.5“.‘‘«^» 
2-Benzoquinone SCH2CH2-, m. 138“.i*®2 
2-(1,4-Naphthoquinone) SCH2CH2-, m. 174“.i«»2 

HN(CH2CH2)2NCSSR 

Benzyl-, oil; HCl, m. 176“.2«^ 

PhCH2N(CH2CH2)2NCSSCH2Ph, m. 68“.»8^ 
PhCH2SCSN(CH2CH2)2NCSSCH2Ph, m. 124.5 
NCCH2CH2SCSN(CH2CH2)2NCSSCH2CH2CN, m. 140“.^«4*> 
HOOCCH2CH2SCSN (CH2CH2) 2NCSSCH2CH2COOH, m. 

196“ amide, m. 231.5“.‘‘®^‘> 

CH2: CCICH2SCSN (CHMeCH2) 2NCSSCH2CCI: CH2, m. 125 “ ,'^28. 

729 

CIMeC: CHCH2SCSN (CHMeCH2) 2NCSSCH2CH rCMeCl, m. 

103“.728, 729 


Aminoaxkyldithiocabbamates 

Me 2 NCH 2 CH 2 (Me)NCSSMe, HCl, m. 181 
Et 2 NCH 2 CH 2 (Me)NCSSMe, HCl, m. 180.5“.38« 
Et 2 NCH 2 CH 2 (Me)NCSSEt, HCl, m. 

Et 2 NCH 2 CH 2 (Me)NCSS Allyl, HCl, m. 139“.38« 
Et 2 NCH 2 CH 2 (Et)NCSSMe, HCl, m. 

Et 2 NCH 2 CH 2 (Et)NCSSCioH 2 i, bo .2 198-202“; i5"*> HCl, m. 

940 386, 1541b 

Et 2 NCH 2 CH 2 (Et)NCSSCH 2 CH 2 NMe 2 , HCl, m. 165.6“.88o 
Et 2 NCH 2 CH 2 (Et)NCSSCH 2 CH 2 NEt 2 , HCl, m. 146“.38o 
Et 2 NCH 2 CH 2 (Et)NCSSCH 2 COOEt, HCl, m. 120“.28« 
Et 2 NCH 2 CH 2 (Et)NCSSCH 2 Ph, bn 234-8“; i5«*> HCl, m. 

106° .386, 1541b 

Et 2 NCH 2 CH 2 {i-Pr)NCSS Allyl, HCl, m. 56“.28« 
Et2NCH2CH2CH2CHMe(Et)NCSSMe, bn 197“.»8« 
Et2NCH2CH2CH2CHMe(Et)NCSSC7Hi6, bn 241 
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EtaNCHaCHaCHaCHMe (Et) NCSSCHaCeHa (OMe) 2-3,4, bi 2 
278-80° 

Et2NCH2CH2CH2CHMe(PhCH2)NCSSMe, bo.4 210°. 

6iS-AmINO Bis-DiTHIOCARBAMATES 

(•CH 2 NMeCSSCH 2 CH 2 CN) 2 , m. 151°. 
(•CH 2 NMeCSSCH 2 CH 2 COOH) 2 , m. 243°; amide, m. 233.5°. 
(•CH 2 NEtCSSCH 2 CH 2 CN) 2 , m. 102°. 
(•CH 2 NEtCSSCH 2 CH 2 COOH) 2 , m. 174°; amide, m. 191°. 
(•CH 2 NCH 2 PhCSSCH 2 CH 2 CN) 2 , m. 119.5°. 
(•CH 2 NCH 2 PhCSSCH 2 CH 2 COOH) 2 , m. 187°; amide, m. 131°. 
CH 2 (CH 2 NMeCSSCH 2 CH 2 CN) 2 , m. 93°. 
CH 2 (CH 2 NMeCSSCH 2 CH 2 COOH) 2 , m. 132.5°; amide, m. 152°. 
CH 2 (CH 2 NEtCSSCH 2 CH 2 CN) 2 , m. 56°. 
CH 2 (CH 2 NEtCSSCH 2 CH 2 COOH) 2 , m. 96°; amide, m. 199°. 
(•CH 2 CH 2 CH 2 NMeCH 2 CH 2 CN) 2 , m. 72.5°. 
(•CH 2 CH 2 CH 2 NMeCH 2 CH 2 COOH) 2 , m. 103.5°; amide, m. 141°. 
(•CH 2 CH 2 CH 2 NEtCH 2 CH 2 CN) 2 , m. 93.5°. 
(•CH 2 CH 2 CH 2 NEtCH 2 CH 2 COOH) 2 , m. 87°; amide, m. 145.5°. 

Me(Ph)NCSSR 

Methyl-, m. 88°,^®* 81.5°; bi 311°;^®**® ultraviolet absorption.’^ 
Ethyl-, m. 95.5°.’« 

H 2 NCOCH 2 CH 2 -, m. 125 °.211 
Phenyl-, m. 99.5°.i2«»'> 


Et(Ph)NCSSR 

Methyl-, m. 53°.^« 

Ethyl-, m. 68°,^®® 66.4°.i2i 
H 2 NCOCH 2 CH 2 -, m. 96 °.211 
Phenyl-, m. 128°,i2i 127.8°.i2«5® 
2-Benzothiazolyl-, m. 105-8°.^2®2 


AraNCSSR 

Me(p-MeC 6 H 4 )NCSSMe, m. 82°.2»5 
Me(p-MeC 6 H 4 )NCSSEt, m. 84°. 21 = 
PhaNCSSEt, dipole moment, 3.12.«®« 
Ph 2 NCSSCH 2 CH 2 SH, m. 139°.“®^ 
Ph(PhCH 2 )NCSSEt, m. 76 °.215 
(PhCH 2 ) 2 NCSSMe, m. 55 °.« 2 c 
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(PhCH 2 ) 2 NCSSCH 2 CH 2 C 0 NH 2 , m. 105 ° 211 
PhCOCH[N(CH 2 Ph)CS 2 CH 2 COMe]CH 2 COOH, m. 131°2«’-* 

Iminothiocaebonic 

MeSC(OMe):NH, HCl, dec. 62°.»^’'‘ 

MeSC(OEt):NH, HCl, dec. HI, m. 60°.»^’° 

EtSC(OMe):NH, HCl, dec. 49°. 

EtSC(OEt):NH, HCl, dec. 75°.»«'‘ 

PhSC(OEt):NH, HCl, dec. 75°."^’“ 

Allyl N:C(SAg)OMe, m. 157°.i«^ 

Allyl N:C(SAg)OEt, m. 112 -^°,i ^»2 i7o°.i456 
Allyl N:C(SAg)OPr, m. 135°.i«'‘ 

Allyl N:C(SAg)OPh, m. <140°.i«^ 
MeS 02 CH 2 CH 2 CH 2 N;C(SAg) 0 Me, m. 14V. 
MeS02CH2CH2CH2N:C(SAg)0Et, m. 150°.i^«^ 
PhN;C(SAg)OPh, m. 186°. 

MeN:C(SMe)OMe, b. 143°,142-4° ;«<»> d 0/4 1.0654,«<>'> d 
0/4 1.065,««'> d 19/4 1.0457,«®‘> d 20/4 1.0446; n 20/D 
1.48548; picrate, m. 110°.^^®** 

MeN:C(SEt)OMe, b. 158-60°; d 0/4 1.0320, d 19/4 1.0125; n 
20.5/D 1.48189; picrate, m. 100°.«®'> 

EtN:C(SMe)OMe, b. 155°; d 0/4 1.02545, d 19/4 1.0056,"®® d 
20.5/4 1.0040; n 20.5/4 1.47888; ««»• picrate, m. 94°.«»'* 
Allyl N:C(SMe)OMe, bia 70-5°. 

Allyl N:C(SMe)OEt, bia 76-80°.i«^ 

Allyl N:C(SEt)OMe, bi 2 76-80°.“« 

Allyl N:C(SEt)OEt, bu 88-92°.i4“ 

Allyl N:C(SPr)OMe, b^ 91-5°.i«^ 

Allyl N:C(SPr)OEt, bi* 101-5°.i«< 

Allyl N:C(SPr)OPr, bia lll-5°,i«^ 

Allyl N:C(S AllyDOPr, bi 2 112-6°.i«4 
Allyl N:C(SEt)OPh, bzo 150-60°.^^” 

Allyl N:C(S-tetraacetyl glucoside)OEt, m. 99°; [o]if -17.92.^^®^ 
MeS 02 CH 2 CH 2 CH 2 N:C(SEt) 0 Et, m. 43°.i«^ 
MeS 02 CH 2 CH 2 CH 2 N:C(S-tetraacetylglucoside)OEt, m. 113°; 

1464,1457 _466« (in (CHCl2)2).^"^ 

2.4.6- ( 02 N) 3 CeH 2 N:C( 0 Me)SC 9 H 2 (N 02 ) 3 - 2 ,4,6, m. 169°. 

2.4.6- ( 02 N) 3 C 6 H 2 N:C(OEt)SC 6 H 2 (N 02 ) 3 - 2 , 4 , 6 , m. 138°.*®« 

2.4.6- (O 2 N) 3 C 6 H 2 N:C (OPr) SCeH 2 (NO 2 ) 3 - 2 ,4,6, m. 152°.3®« 

2.4.6- ( 02 N) 3 CeH 2 N:C( 0 CHMe 2 )SC 6 H 2 (N 02 ) 3 - 2 , 4 , 6 , m. 147°.®®’ 
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2.4.6- (O 2 N) aCeHaN: C (OCHaCHMea) SCeHa (NOa) 3 - 2 , 4 , 6 , m. 

1730356 

2.4.6- (OaN) 3 CeHaN:C(OAm) SCeHa (NOa) 3 - 2 ,4,6, m. 138.5°.»s’ 

Tetraacetylphenylthiourethanglucoside, m. 159°; [ajjf -2.464^®* 
(MeS)aC:NH, do 1.18; HI, m. 130 °; ^osd. 4 i 6 « Ac., bao 142-4°.i’i"« 
(EtS)aC:NH, HI, m. 80-90°; Ac., bi 4 142°.”i®“ 

(i-AmS)aC:NH, Ac., bao 198-200°.”i4° 

CHa-S. 

I ^C:NH, Ac., m. 69°; Bz., m. 143°; HCl, m. 121 
CHaS-^ 

CHaS. 

I ^C:NOH, m. 126°. 

CHaS^ 

Me-CHS 

I ;C:NH, HCl, m. 172-5°.“'» 

CHaS^ 

MeN:C(SMe)a, b. 192°; 412c, 4 i 4 b, 4 i 5 a, 4 i 5 b ^ 0/4 

1.13827,‘‘»’<>* “O®®* « 2 b. 415a 1.138,418b I.i383,‘‘i2c d 11/4 1.1279,«®*> 
1.12831,«®“ d 15/4 1.1248; n 11/D 1.56739; n 15/D 1.56460; 
PtCU, m. 180°; ultraviolet absorption.® 

MeN:C(SMe)(SEt), b. 205-7°; d 0/4 1.0905,“®®®'^®“ d 13/4 
1.0798,“!®® d 20/4 1.0741; “®®®' “!®“ n 13/D 1.55166; “i®® HI, m. 
77°; picrate, m. 103°; PtCU, m. 163°.“®®® 

MeN:C(SEt)a, b. 215°;“®’®* “®®®* 412 c, 4i6a j 0/4 1.0594,“®’®* 

412b. 415a d 12/4 1.0489,“®®®* “! 2 C. 415a. 415b J 16 5/4 1.0436; n 12/D 
1.53972, n 16.5/D 1.53650.““®® 

SCHa 

MeN;C.^ | , m. 184°.!!«8 

\gCH 

EtN:C(SMe)a,*b. 201 °,“®’®* 4 i 5 a 200.5°; d 0/4 1.0848,“®®®* 
1.08477,“®’®* “! 2 b. 415a d 13 . 5/4 1.07195,“!®® d 18.4/4 1.0671; n 
13.5/D 1.54837;“!®® ptci^, m. 150°.“!2® 

EtN:C(SEt)a, b. 223-4°; d 0/4 1.02905,“®’®* 4i5a j 13/4 
1.0179,“!®® d 19.2/4 1.01248; “!®“ n 13/D 1.53011; “!®® PtCU, m. 

133 ° “ 12 ® 

PrN:C(SMe)a, b. 220 - 2 °,“®’® 219°; d 0/4 1.0597,““2®. 4 i 5 a 
1.10093,“®’® d 12/4 1.0489,“!®® d 16.5/4 1.0451;““®“ n 12/D 
1.53806;“!®® ptci^, m. 151°.“!2® 

PrN:C(SEt)a, b. 219°; d 0/4 1.0597,“®’® d 16.5/4 1.0451.““®“ 
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Me2CHCH2N:C(SMe)2, b. 225°; d 0/4 1.0262,-‘®T'>* 4i6. ^ 15/4 

1.0117,«5b d 16/4 1.0126; n 15/D 1.52570; PtCU, m. 

132°.412b 

Me2CHCH2CH2N:C(SMe)2, b. 242°/<>8*»* 242-45°; "2b. 

d 0/4 1.0137,‘‘®^'»’ "«* 1.0262 "2b. 412 c i.0263/®»'» d 16/4 
1.0008; "»«> n 16/D 1.52271;"®® PtCU, m. 146°,"2® 
Me2CHCH2CH2N:C(SEt)2, b7T 180°/®^®- "®« b. 260°; d 0/4 
0.97906/®’®- "2®. d 15.5/4 0.96642, d 18/4 0.9648; n 15.5/D 
1.51303;"®* PtCl 4 , m. 123°."2® 

Allyl N:C(SMe) 2 , b. 220-2°; d 0/4 1.10093," 2 ®. "®* d 18.5/4 

l. 0788,"®® d 21/4 1.08273;"®* n 18.5/4 1.55940;"®® 3PtCl4, 

m. 145°."®® 

PhN:C(SMe) 2 , ultraviolet absorption.® 

PhCH 2 N;C(SMe) 2 , beo 210-20°; d 0/4 1.1610; ®®’®- " 2 ® PtCU, m. 
165°."2® 

MeC 6 H 4 N:C(SMe) 2 , d 15/4 1.1429; n 15/D 1.62963."® 

Tri- and Tetrathiocarbamatbs 

MeaNCS-S-SMe, bo .7 104-8°.®®’ 

MeaNCS-S-SCMea, m. <0°; ba 170-5°.«’2‘> 
(CHa) 4 NCS«S-SSCMe 3 , d 20/4 1.1330; n 20/D 1.5021.’««® 
(CHa)5NCS-S-SSCMe3, d 20/4 1.1531 ;n 20/D 1.6084.’««® 
0 (CHaCHa)aNCS-S-SSCMe 3 , d 20/4 1.1869; n 20/D 1.6018.’««® 
PhCH3CHaCHaNHCS-S-SSCMe3, d 20/4 1.1031; n 20/D 
1.5868.’«»® 


SULFEN AMIDES 

MeaNCS-SNHa, Ac., m. 135°.’®’® 

EtaNCS-SNHa, Ac., m. 67°.’®’® 

MePhNCS-SNHa, m. 87°; Ac., m. 128°.’®’® 

PhaNCS-SNHa, Ac., m. 167°.’®’® 

(iHaSOaCHaCHa^HNRCS-SNHa, Me, m. 145°; Allyl, m. 80- 
6 °.’«®’ 


Thiocarbazates 

Thiolcarbazates 

PhNHNHCOSMe, m. 152°.’’’2® 
PhNHNHCOSEt, m. 112°.’’’2® 
MeSCONHNHCOSMe, m. 173°.®® 
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Thioncarbazates 

EtOCSNHNHa, bo .2 105-20°; d 15/4 1.191; HCl, m. 141°; sul¬ 
fate, m. 158° dec.; Bz., m. 154°.^®^® 
c-HexOCSNHNHa, m. 77°; Ac., m. 140°; Bz., m. 122.5°.“ 
PhCHaOCSNHNHa, m. 62°; HCl, m. 108° dec.; i®’® Ac., m. 

137.5°; Bz., m. 136°.“-1®^® 

PhNHNHCSOMe, m. 111°.“®* 

PhNHNHCSOEt, m. 74°,®®^ 70°.i®^® 

PhNHNHCSOCeHn, m. 119.5°.“ 

PhNHNHCSOCHgPh, m. 136.5°.i«’® 

(EtOCSNH) 2 , m. 62°.i«’® 

(c-HexOCSNH) 2 , m. 95°.“ 

(PhCH20CSNH)2, m. 119.5°.“-»«^® 

EtOCSNHNHCSOCH 2 Ph, m. 88°.i«’8 
EtOCSNHNHCONH 2 , m. 161° .®®2 
EtOCSNHNHCSNH2, m. 156°.®®^ 

R:NNHCSOEt»®7® 


H 2 C:, m. 58°. 

MeCH:, m. 89.5°. 

Me 2 C:, m. 61.5°. 

MeEtC:, m. 70°. 

PhCH:, m. 102°. 

MePhC:, m. 102.5°. 

Ph 2 C:, m. 106.5°. 

(CH 2 ) 5 :C:, m. 100.5°. 

HOOCCMe:, m. 143°. 
HOOCCH 2 CH 2 CMe:, m. 136.5°. 
C 4 H 30 -CH:, m. 129.5°. 

PhCH:NNHCSOC6Hii, m. 112°.“ 
PhCH:NNHCSOCH 2 Ph, m. 124.5°.“ 

R. NNHCSOPh 


MeCH:, m. 113.5°. 

MeaC:, m. 68°. 

MeEtC:, m. 70°. 

(CH 2 MeC:) 2 , m. 128.5°. 
MeCOCH 2 CH 2 MeC:, m. 87.5°. 
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HOOCMeC:, m. 136.5°. 

HOOCCHaCHsMeC:, m. 119°. 

(CH 2 ) 6 :C:, m. 78°. 

PhCH:, m. 125.5°. 

PhMeC:, m. 109.5°. 

PhCH 2 (Me)C:, m. 84°. 

PhCOPhC:, m. 127°. 

0 -HOCSH 4 CH:, m. 173°. 
p-MeOC 6 H 4 CH:, m. 125.5°. 

P-O 2 NC 6 H 4 CH:, m. 160-6°. 
p-MeOC 6 H 4 CH 2 (Me)C:, m. 91°. 

C 4 H 30 -CH:, m. 121.5°. 

Dithiocarbazic Acids and Salts 

HaNNHCSSH, NH4 salt, m. 114° dec.; N2H5 salt, m. 124° 
dec.; 378 MeNHa salt, m. 112 ° dec.^®"' 

PhNHNHCSSH, N 2 H 5 salt, m. 110° dec.»®«° 

MeaNNHCSSH, m. 112°.«^® 

Dithiocabbazates 

RSCSNHNH 2 

Methyl-, m. 82°,‘'>®- 79 °; 216 b Ac., m. 123°; Bz., m. 170°, 21 ®“ 
172°; p-methoxybenzamide, m. 157°; p-chlorobenzamide, m. 

184°.783 

Ethyl-, m. 40.5°,i«7. oil; Bz., m. 104°;2i««» 4 -C 5 H 4 NCO-, m. 

175° 1778 

Benzyl-, m. 125°; Bz., m. 151°.2i6*> 

PhCOCHa-, m. 127°.i«’'‘ 

HOOCCH 2 CH 2 -, m. 114.5°,i«^° 111°.“27« 

EtOOCCH(COMe)-, m. 110°.i«^‘‘ 

R'NHNHCSSR 

PhNHNHCSSPr, m. 125°.i®« 

PhNHNHCSSCHaCHaCOOH, m. 
PhNHNHCSSCH(COMe)COOEt, m. 130°.i"^® 
MeC6H4NHNHCSSCH2C6H4N02-c, o, m. 134°; p, m. 127°.2i7 
o- 02 NC 6 H 4 NHNHCSSMe, m. 114°.883 
PhCOCHaPhNNHCSSMe, cis, m. 93°; tram, m. 100°. 
PhCOCHaPhNNHCSSEt, cis, m. 86°; tram, m. 82°.i®« 
PhCOCHzPhNNHCSSPr, ds, m. 61°; tram, m. 56°.i®« 
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PhCOCHaPhNNHCSSCHzPh, cis, m. 75°}^^ 
p MeC 6 H 4 COCH 2 PhNNHCSSMe, cis, m. 54°; trans, m. 110°.i®« 
p-MeC 6 H 4 COCH 2 PhNNHCSSEt, cis, m. 77°; trans, m. 95°.i®« 
PhNHCOPhNNHCSSEt, m. 150°.2ie> 

R:NNHCSSMe 

PhCH:, m. 157.5° dec.2i8'» 

PhCH.CHCH:, m. 166°.i8^» 

0-HOC6H4CH:, m. 196°.i8^» 
p-MeOC6H4CH:, m. 163°.i8"» 

P-H 2 NC 6 H 4 CH:, m. 186°; Ac., m. 224°.i3« 

2 -C 4 H 30 -CH:, m. 149° 
p-C6H4(CH:NNHCSSMe)2, m. 221° dec.i^^ 

R:NNHCSSEt 

Me 2 C:, m. 73°.i«^“ 

HOOCCH 2 CH 2 (Me)C:, m. 118.5°.i«^'‘ 

MePhC:, m. 131°.i«"“ 

PhCH:, m. 183.5 

R:NNHCSSCH2C00H 

MePhC:, m. 160° dec.i«^« 

PhCH:, m. 168°.i«^« 

R: NNHCSSCH 2 CH 2 COOH 
MeCH:, m. 129.5°.i"i^° 

Me2C:, m. 135°.“^^° 

HOOC(Me)C:, m. 160°.i«^« 

PhCH:, m. 160.5°.i«^° 

R:NNHCSSCH2Ph 

PhCH:CHCH:, m. 180°. 
o-HOCeH4CH:, m. 185°. 

P-H 2 NC 6 H 4 CH:, m. 164°. 

2 -C 4 H 30 *CH:, m. 175° dec. 
p-C 6 H 4 (CH:NNHCSSCH 2 Ph) 2 , m. 213°. 

R':NNHCSSR 

PhCH:NNHCSSCH2COPh, m. 173°.i«‘'> 
PhCH:NNHCSSCHMeCOOH, m. 147.5 
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PhCHrNNHCSSCHPhCOOH, m. 
PhCH:NNHCSSCH(COMe)COOEt, m. 

EtOOCNHNHCSSMe, m. 91°.^®*® 

HOOCNHNHCSSEt, amide, m. 192°; s Et ester, m. 91°; ‘®8» 
Benzyl ester, m. 153° dec.; p-nitrobenzyl ester, m. 177° 
dec.2^«-8 

EtOCSNHNHCSSEt, m. 91°.‘«^« 

EtSCSNHNHCSSEt, m. 82 °.i«T‘ 

MeSCSNMeNMeCSSMe, m. 112°.»®4»° 

BzNHN;C(SMe)(SEt), m. 47°.2W'» 
PhCH:NN:C(SCH 2 COOH)(SEt), m. 127°.‘"^° 
PhCH:NN:C(SCH 2 CH 2 COOH) 2 , m. 135°; K 2 salt, m. 263°.‘"7° 
PhNHN:C(SCH2C«H4N02-p)(SCH2Ph), m. 67°; an isomer, m. 

88° 217 

MeC«H4NHN:C(SCH2CeH4N02-o)2, 0 , m. 134°; p, m. 116°.2i7 
[PhCH:NN:C(SCH 2 CH 2 COOH)] 2 S 2 , m. 162.5°; Na salt, m. 

215°.1417c 


Azidodithiocabbonates 

RSCSNa 

HSCSN 3 , electrolytic dissociation K at 0° 2.4 X 10“^,'^^® at 25°, 
2.14 X 10-2.1828 
Methyl-, m. 32°.** 

Benzyl-, m. 64.5°.*® 

Ph 2 CH-, m. 67.5°.*® 

PhaC-, m. 132° dec.*® 

PhCO-, m. 119-20° dec.*® 
p-BrC«H 4 CO-, m. 127° dec.*® 

CN-SCSNa, m. 81°.*® 
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Carbon Oxysulfide 


Introduction 

Carbon oxysulfide, carbonyl sulfide, COS, was discovered by 
Than who obtained it by the action of sulfuric acid on potassium 
thiocyanate after failing to get it from carbon monoxide and 
sulfur.^®* 

It is found in the water of some springs.®®’ ®®’ It may be that 
the amount so found is but a remnant of a much larger amount 
which has been hydrolyzed: 

cos + H^O -> COj + HjS 

It was looked for but not found in the gases from Vesuvius.®® 

A sample of water gas from a low-sulfur coke contained 2.4 
grains per 100 cu.ft.^^ It is one of the sulfur compounds in manu¬ 
factured gas ®®’ and in blast furnace gases.^®^ 

Of the gases obtained by passing carbon disulfide over hot 
kaolin, 60% is carbon oxysulfide.®® It is formed when a mixture 
of ultramarine and carbon is heated.^^ Carbon dioxide and boil¬ 
ing sulfur give it and sulfur dioxide.®® It is contained in the 
issuing gases when sulfur dioxide is passed over red hot carbon 
and when hydrogen sulfide and carbon dioxide are passed through 
a white-hot porcelain tube.®® 

A review of the chemistry of carbon oxysulfide has been made 
by Ferm.®^ ® Equilibrium measurements have been made between 
350° and 900°. There are two reactions: 

386 
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HgS 

+ 

CO 2 

-► 

H^O 

+ 

cos 

H2S 

+ 

COS 

-► 

H20 

+ 

CS 2 

These add up to: 

2H2S 

204 

+ 

C02 


2H20 

+ 

CS 2 


The equilibrium has been recalculated by a new method.** Car¬ 
bon disulfide is oxidised by sulfur trioxide or chromic anhydride 
to carbon oxysulfide ® and under some conditions by sulfuric 
acid.*^® It is oxidised by chlorosulfonic acid: 

cSa + CISO3H -♦ cos + HCI + SO2 + s 

Carbon oxysulfide is obtained by reducing magnesium sulfate 
with carbon monoxide and by heating magnesium oxide with 
carbon disulfide.*^* Some carbon oxysulfide is produced when 
sulfur dioxide is reduced by incandescent coke.** When sulfur 
dioxide and oxygen are blown into an incandescent coke bed, 
sulfur, carbon monoxide, and carbon oxysulfide are formed.*^ 
Below 800° carbon oxysulfide is a by-product in the formation 
of carbon disulfide from sulfur dioxide and methane.*® Alkali 
sulfides, heated in carbon dioxide, are converted to carbonates 
with the evolution of carbon monoxide and oxysulfide along with 
free sulfur,*® 

Carbon oxysulfide is formed from phosgene and hydrogen di¬ 
sulfide at 200°.** Phosgene reacts with cadmium sulfide slowly 
at room temperature, rapidly at 260-80°,^®® and with metal sul¬ 
fides in general at higher temperatures: 

COClj + CdS cos -f- CdClj 

This has been suggested as a means of decomposing sulfides for 
analysis.** 

Carbon disulfide and ethyl alcohol passed over hot copper give 
a mixture of gases among which there is some carbon oxysulfide.*® 
It is obtained from chloropicrin and sodium or potassium sul¬ 
fide.*** Some of it is produced in the reduction of perchlormethyl- 
mercaptan by zinc and hydrochloric acid.*** 

Urea and carbon disulfide react at 110° to give carbon oxy¬ 
sulfide and ammonium thiocyanate: 

0C(NH2)2 + CS 2 cos + NH^SCN 

Oxamide and acetamide react at 200°: *** 
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(•C 0 NH 2)2 + CS2 cos + CO + NH4SCN 

2 CH3CONH2 + CS2 cos + CO + CH3CH3 + NH^SCN 

Carbon disulfide is partially desulfurized by an alkyl mercuric 
hydroxide: 

CS2 + RHgOH -*■ cos + RHgSH 

Ethyl isocyanate and hydrogen sulfide give carbon oxysulfide: 

2 OCNEt + H2S -> cos + 0 C(NHB )2 

Thioacetic acid decomposes at 300'* into carbon oxysulfide and 
other gases.^°® Carbon oxysulfide is a product of the pyrolysis 
of aniline nickelodithio-oxalate and of the corresponding cobalt 
salt.^^^ It is formed from an oxime and an isothiocyanate.^** It 
is produced when Bender’s salt is heated alone or with water/® 
or in acid solution: 

2 Eto*co*SK -> »2S + K2CO3 + cos 

2 E» 0 *C 0 *SK + 2 HgO -> HjS + 2 EtOH + K2CO3 + COS 

EtOKIO'SK + HCI -> EtOH + KCI + COS 

The dry distillation of a sodium or potassium xanthate gives 
some carbon oxysulfide.®* It is a byproduct in the preparation 
of unsaturated hydrocarbons by the method of Chugaev. The 
alcohol is converted to the xanthate which is then methylated and 
pyrolyzed: *®*’ 

+ iO*CS*SMe ->• C„H„ + MeSH + COS 

The pyrolysis of cyclohexylthiocarbanilate yields carbon oxysul¬ 
fide, cyclohexene, cyclohexanol, and 1,3-diphenyl thiourea.^ 
Some carbon oxysulfide is formed in the ripening of viscose.^**- 

Preparation 

For the preparation of carbon oxysulfide powdered potassium 
thiocyanate is added to dilute sulfuric acid.^^^* Some prefer 
ammonium thiocyanate.*®®’ ***• ^®® A solution of 40 g. ammo¬ 

nium thiocyanate in 30 cc. of water is added gradually to a 
mixture of 290 cc. sulfuric acid and 400 cc. of water at 25°.®® 
Alkyl thiocyanate and potassium thiocarbamide may take the 
place of the ammonium thiocyanate.*^^ Ammonium thiocar- 
bamate and hydrochloric acid are recommended.^®®’ ^®® Carbon 
oxysulfide may be prepared by bubbling hydrogen sulfide through 
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an ice-cold water solution of free cyanic acid.^*® Thiourea, an 
isomer of ammonium thiocyanate, gives carbon oxysulfide when 
it is heated with an organic acid: 

2 RCOOH + (NH2)2CS ^ 2 RCONH2 + COS -|- H2O 

The gas is freed from carbon dioxide and hydrogen sulfide by 
33% caustic soda solution, and from carbon disulfide by char¬ 
coal, and dried by calcium chloride, sulfuric acid, or phosphorus 
pentoxide.*® 

Than attempted to prepare carbon oxysulfide by passing car¬ 
bon monoxide and sulfur vapors through a hot porcelain tube 
but was unable to isolate it from the products. The same re¬ 
actants have been brought together under other circumstances 
without obtaining the desired results.®® However, it was obtained 
in this way by Salomon.^^^ in an all-glass container kept at 
302°, 99% of the enclosed volume of carbon monoxide combined 
with sulfur.^*^ This method has been used for the preparation 
of carbon oxysulfide containing radioactive sulfur, oxygen, or 
carbon.^^® Sulfur vapor gives carbon oxysulfide with either car¬ 
bon monoxide or dioxide. With the latter, sulfur dioxide is pro¬ 
duced also.^® Sulfur is said to combine with carbon monoxide 
in the presence of activated carbon.^**^ It has been proposed to 
manufacture carbon oxysulfide from carbon monoxide and sulfur 
dioxide ^®® or hydrogen sulfide,^* ^ ® from carbon dioxide and hy¬ 
drogen sulfide,^** or from mixtures of hydrocarbons, air, or car¬ 
bon dioxide, and sulfur under suitable operating conditions. 

Properties 

The properties of carbon oxysulfide are, in general, interme¬ 
diate between those of carbon dioxide and carbon disulfide.^^® 

It melts at -138.2°,“® -138.79°,^®® -138.84°.®® The heat of 
fusion is 1129.8 ±1.0 cal. per mole.^®* The melting point is far 
lower than those of the symmetrical carbon dioxide (-56.4°) 
and carbon disulfide (-111.85°). It boils at -47.5°,^®® -50.23° ± 
0.05,^®® —42° at 760 mm. The heat of vaporization is 4415 ± 4 
cal.,^®® 4534 ± 8 cal.®^ The heat ^®^ and entropy “® of vaporiza¬ 
tion have been calculated. Its boiling point is much nearer to 
that of carbon dioxide (-78°) than to that of carbon disulfide 
(46°). 
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The density is 1.24 at -87° “s 1.073 at 0° and 0.986 at 32.2°. 
Liquid densities of COS from -100° to +100° have been deter¬ 
mined and are represented between -100° and 50° by the equa¬ 
tion: 

0 = 1.049 — 0.0029t — 6.76 X 10“^ 

The coeflScient of expansion (0-32.2°) is 0.002710, y (2.3°) is 
13.00 dynes/sq.cm, and its temperature coefficient (2.3-17.8°) 
0.1626 dynes/sq.cm./l°. The parachor is 111.1, calc. 119.4. The 
liquid is not associated. 2 ®® The coefficient of expansion at con¬ 
stant pressure has been determined. 

At 0° and 760 mm. one liter of the gas weighs 2.7125 g. and 
at 25° 2.4849 g.^®® At 20° water dissolves 0.54 volume of the gas; 
at 22° alcohol dissolves eight volumes and toluene fifteen.^®® At 
14° toluene dissolves 17% of its weight of the gas which it gives 
off on heating. This is a convenient way of storing the gas.^® 
The solubility of COS in certain oils and mixtures has been de¬ 
termined.^’ ^^® A saturated ketone solution of COS gas has a 
good solvent action for vinyl chloride polymer and its copoly¬ 
mers.^®* The absorption coefficient for water is: 1.333 at 0°, 
0.835 at 10°, 0.561 at 20° and 0.403 at 30°.2»* Water at 13.5° 
dissolves 0.8 volume of the gas. The critical temperature and 
pressure are 105° and 63 kg./sq.cm.*®® Other authors give 
102.2° ±: 0.2° for the critical temperature. 2 ®* The viscosity in 
C.G.S. units X 10“* is 1.135 at 0°, 1.200 at 15°, and 1.554 at 
100°. Sutherland’s constant was calculated to be 330. The mean 
collision area of the molecule from kinetic theory is 1.06 X 10~*® 
sq.cm.^*® The collision diameter for COS mixed with NH3 is 
given.**®’ 2 *® The theoretical molecular heat is found to agree 
closely with the experimental.®® 

The determination of the crystal form proved to be difficult.^®^ 
It has been accomplished by the study of a powder diagram.^^® 
Solid carbon oxysulfide is rhombohedral with a = 4.08 A. and 
(0 = 98° 58'. There is one molecule in the unit cell. The cal¬ 
culated d is 1.526 and the measured 1.52. The atoms form chains 
along the trigonal axes with C-0 = 1.10 A., C-S = 1.96 A., and 
0-S = 2.78 A., according to X-ray data.^*® Viscosity determina¬ 
tions have shown C-0 = 1.30 A. and O-S = 1.68 A.^*® while 
electron diffraction measurements give C-0 = 1.16 A. and C-S = 
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1.56 A., C-0 = 1.13 A. and C-S = 1.58 A., with 

C-S = 1.54 A. in carbon disulfide.*^ The figures from microwave 
investigations are close to those from electron diffraction.^®* 
From Raman spectra the distances are C-0 = 1.04 A., and C-S 
= 2.38 A.®® Compressions and phase diagrams for solid COS are 
given for pressures up to 10,000 atmospheres at low tempera¬ 
tures.®®^ 

The dissociation energies of the triatomic molecules, OCS, 
OCO, and SCS have been discussed.®*® The influence of electron 
energy on the dissociation of the COS molecule into ions was 
studied on a mass spectrometer.*** A study of the higher ioniza¬ 
tion potential has been made.®®® Force constants for COS have 
been calculated from the fundamental vibrational frequencies,®®* 
from infrared ®*® and from microwave **®' ®*® frequencies. Studies 
have been made of the bond stretching of the COS molecule.*’®- 
182 , 223,267 Other physical means have been used to investigate 
structure.**- **® Values for thermal conductivity, viscosity, and 
diffusion in the gas phase are given for COS.* Calculations have 
been made for its sound velocity and absorption coefficient per 
unit wave length.®* The refraction and dispersion have been 
measured and compared with those of hydrogen sulfide and sul¬ 
fur dioxide.*®® 

The dielectric moment is 0.650 X 10~** and the structure may 
be rectilinear like carbon dioxide.®®® The dielectric constant of 
COS was measured at 9400 Mc/sec. over a range of pressures and 
temperatures.®* Measurements of the dielectric constants and 
dipole moment have been made by the beat-frequency method.*®® 
The total dipole of COS is 0.72 debye with C-S contributing 0.09 
debye and 0-C contributing 0.63.®®* The diamagnetic suscepti¬ 
bility of COS and the necessary atomic susceptibility constants 
and bond dispersions have been calculated by Pauling’s equa¬ 
tion.*® By electron diffraction it is proved to be linear.’* The 
same conclusion is drawn from the electron interference.®® 

Berthelot gave the following data on the heat of formation: ®* 


COS gas + H2O 

+ 

water 

=z 

CO2 (tolurion) -|- 

H2S (solution) 






+ 

20,200 ca 

C (diamond) + O 

+ 

S (solid) 


COS (go$) 

+ 

19,600 ca 

CO + S (solid) 




COS (go*) 

— 

6,200 CO 

CO + S (gas) 



— 

COS (got) 

— 

3,600 ca 

2 COS 




CS2 + CO2 

+ 

40,000 ca 
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Free energy of formation and heat of formation as well as 

the log of the equilibrium constant of formation are given. 
The thermodynamic constants have been calculated; they have 
been determined and plotted as free-energy/temperature dia- 
grams.^^* The heat of combustion is 11,590 cal. per mole.^®* Data 
on the free energy of formation are: 


K = 

[COS] 


201 



[CO] 




SX|i -t- 

CO (g) 

= 

cos (g); AF 575 

= —6070 cal. 

S (rhomb.) 

+ CO (g) 

rz: 

COS(g); AF 575 

= —6410 cal. 


Equilibrium conditions for the reaction have been studied.^*^’ 

217 , 218 

In carbon disulfide the strength of the C-S bond is 131.7 Kg.cal. 
but for splitting sulfur off from carbon oxysulfide it is only 76.9 
which is only a little more than half of the 131.7. Hence the 
sulfur is bound only one half as strongly as in carbon disulfide.'^® 
The free energies of formation of CS2(1) and COS at 298.1 °K 
are +15.24 and -40.48 kg.cal.*® When carbon oxysulfide burns 
with a deficiency of oxygen the C-S bond is severed preferen¬ 
tially . 2 ®* From the spectrum both of the bonds appear to be 
double bonds.^®* The central carbon atom shares four electrons 
with each of the other two.^^* The resonance structure has been 
compared with those of carbon dioxide and disulfide and the 
extinction coefficient measured.*® The discharge spectrum has 
been studied.*®* ^®* Carbon oxysulfide has a complicated spectrum 
with three fundamental frequencies.-®® The thermodynamic prop¬ 
erties ^*® and methods of deducing them from the spectra,® the 
formation and dissociation energies and atomic structure ®®* *^* 
of groups of compounds, including carbon oxysulfide, have been 
discussed. The carbonyl accounts for 13% of the polarity of 
COS.^*^ For COS a calculated value of -39.80 for free energy 
of formation is obtained from thermal data. 

The gas imperfection of carbon oxysulfide has been evaluated 
and compared with that of other gases.®^ The heat capacity of 
carbon oxysulfide from 0° to 3000° has been determined,**'^ and 
data for the empirical heat capacity equation for COS are 
given.2®* The experimental heat capacity data for COS are com¬ 
pared with the results of calculations based on a semitheoretical 
method suggested by Lord.** 



Carbon Oxysulfide 


393 


The ultraviolet absorption spectrum of gaseous carbon oxy- 
sulfide shows a continuous absorption from 2550 A. far toward 
the ultraviolet, corresponding to the dissociation into carbon 
monoxide and sulfur.^*^ A linear structure is indicated.^®® At low 
pressures the absorption begins at 1600 A.®®’ and breaks into 
several diffuse bands indicating different electronic transitions.^^^’ 
A rounded absorption maximum occurs at 2250 A,, and a 
sharp maximum at 2800 A In ethanol solution the absorption 
is from 2200 A. to 3100 A.®^ The ultraviolet absorption spectrum 
of COS has been compared with those of other compounds con¬ 
taining the C:S group.®^’ Experimental data on the ultraviolet 
absorption spectrum have been compared with the calculated.®®^ 
The infrared spectrum of COS has been examined; it and the 
Raman spectrum were obtained in the 3-25p region by using a 
spectrograph of high resolving power.^*® The lack of symmetry 
of the molecule is demonstrated by the complicated infrared spec¬ 
trum. The molecule may be linear or triangular.® An analysis of 
the spectrum shows that the structure of the molecule is inter¬ 
mediate between that of carbon dioxide and that of carbon di¬ 
sulfide. The structural formula is apparently 0:C‘S*® Fifteen 
infrared bands have been measured; fourteen bands were ob¬ 
served between 1 and 5.5p.® The atomic polarization of COS has 
been calculated from infrared intensity®®® Coriolis perturba¬ 
tion and molecular constants have been derived from some infra¬ 
red COS bands.®®* The resonance structures of carbon oxysulfide, 
dioxide, and disulfide have been compared.^® 

The Raman frequencies are 524,859, and 2055 cm.“^ with other 
lines at 678, 862, 1041, 1383, and 2233.*® The splitting of these 
bands is in accordance with the theory of Fermi.^® The shifts of 
the Raman bands are not consistent with a linear structure and 
indicate a valence angle of 152°.®®® The light scattering points 
to the polar nature of the molecule.®®* The molecular heat deter¬ 
mined by ultrasonic measurements indicates a straight mole¬ 
cule.^® The frequency for the maximum absorption of sound is 
287 compared with 379 for carbon disulfide.®® 

The broadening of the absorption lines of COS under various 
conditions has been studied.®’ ®^' ^®®’ ^*‘‘’ ®®’’ ®^’ The relative in¬ 
tensity of the absorption bands,"- ®®’ the Stark effect,*^* ®"* 
242,275 relaxation time ®®®’ ®®*’ ®®® have been observed. 

The Zeeman effect,’®’ Fermi resonance in the microwave 
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spectrum/**' ^*® quadrupole moment/^*' ^yjg microwave 

spectroscopy in regions of various wave lenths and under various 
conditions ^*’ **’ ^**’ ^**' ^**' * 

have also been investigated. 

Carbon oxyselenide, COSe, which is quite similar to the oxy- 
sulfide, is formed by passing carbon monoxide over heated 
selenium. It melts at -122.1°, boils at -22.9° at 725 mm., has 
the density 1.812 at 4.1°, mol.vol. 59.2, and surface tension 19.32 
dynes/sq.cm. Its parachor is 126.2, calc. 133.7.^*^ 

Reactions 

Carbon oxysulfide, when heated, decomposes in two ways: 

(1) 2 cos ?± 2 CO + $2 

(2) 2 cos ^ COg + CSg 

These reactions are independent: (1) is slow and (2) is rapid. 
At 950° it is at least 76% dissociated.^** The disproportionation 
into carbon dioxide and disulfide is exothermic and is catalyzed 
by various substances, notably by charcoal. The activation en¬ 
ergy is 50,000 calories.^^* The rate of the reaction at 450° is 
sensitive to the nature of the wall, being faster when the vessel 
is filled with silica. The activation energy is 28,450 calories for 
the silica surface.**^ The heat of formation of COS has been 
calculated to be 33,800 cal. From equilibrium data at 800° and 
950° the average value of 49,500 cal. was found for the heat tone 
of the reaction.^®* At equilibrium in mixtures with CO-CO 2 
mixed gas in contact with iron and sulfur, the carbon oxysulfide 
concentration is higher at low temperatures. Equilibria at various 
temperatures for the formation of carbon oxysulfide from ferrous 
sulfide and carbon monoxide have been investigated.^^* There 
is no evidence of the formation of carbon monosulfide or sulfur 
dioxide by heat alone, but by irradiation carbon monosulfide is 
obtained.^*^ 

Radioactive sulfur has been used in the study of the structure 
of the carbon oxysulfide molecule.*^ The exchange between radio¬ 
active and ordinary sulfur at 257° 2 *^ and at 300° in the presence 
of a Fe—Cr — S** catalyst ^23 ^een investigated. The equi¬ 
librium constants for the exchange have been calculated at 0°, 
20°, and 40°. 2*1 

The hydrolysis of carbon oxysulfide has been studied: ** 
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cos + HjO CO2 + HjS 

In alcohol and in the gas phase the bimolecular reaction is sev¬ 
eral powers of 10 slower than the theoretical as calculated from 
the observed energy of activation, but in aqueous solution it is 
somewhat faster than the calculated.^®® The temperature coeflS- 
cient of the hydrolysis reaction is much greater between 0°-50° 
than at higher temperatures.^^^ 

The catalytic and photochemical oxidation of carbon oxy¬ 
sulfide have been investigated. A study has been made of the 
kinetics of the oxidation; ®^ sulfur monoxide has been assumed 
as an intermediate.^^ The explosion of a mixture of it with oxygen 
is preceded by an induction period which varies from seconds to 
minutes, depending on the surface activity of the reaction vessel. 
Moisture does not change the lower limit but does lengthen the 
induction period. Careful drying can prevent the formation of the 
carbon oxysulfide flame.^®' ^®* The explosive limits for mixtures 
of carbon oxysulfide and oxygen vary with the temperature and 
the diameter of the reaction vessel.^®® For mixtures with air the 
limits are 28.50 and 11.90% by volume of carbon oxysulfide.^*^ 
Carbon oxysulfide with O3 shows faint luminescence at about 
200® although the mixture is readily explosive.^’® It is oxidised 
slowly but completely by sulfur dioxide at low temperatures; ® 

2 cos + SO2 2CO2 + 3 S 

Catalysts and high temperatures speed up the reaction.^* ^® It 
has been proposed to recover sulfur from carbon oxysulfide by 
oxidation with sulfur dioxide below 350°.^®® It is oxidised by 
sulfuric acid from 150® on up. Palladium is the best of a large 
number of catalysts tried.^’® 

Over a catalyst at 200-250°, carbon oxysulfide is desulfurized 
by hydrogen: 

cos + H2 CO + H2S 

With nickel sulfide at 150° or above the reaction is of the first 
order.®® Carbon oxysulfide has a deleterious effect on a nickel 
catalyst in the hydrogenation of carbon monoxide to methane.^®^ 
It reacts with cuprous chloride in hydrochloric acid solution: 

cos + 2 C«CI + HgO CO2 + 2HCI + C02S 

It reacts when heated with chlorine or with metal chlorides to 
give phosgene.^® 
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With alcoholic potash carbon oxysulfide reacts like carbon di¬ 
sulfide in the formation of xanthates: 


cos 4 - KOH + EfOH EtO*CO*SK -f- HgO 

This reaction was used to prove the identity of carbon oxysulfide 
from carbon monoxide and sulfur with that obtained by the ac¬ 
tion of sulfuric acid with a thiocyanate.^^^ It had been suggested 
that the two might be isomeric, (CO)S and (CS)0.^^® With 
alkali cellulose, carbon oxysulfide reacts about two hundred times 
as rapidly as does carbon disulfide.At 0° the reaction is 45% 
complete within forty minutes.^^^ An extensive study has been 
made of the viscoses prepared from mixtures of carbon oxysulfide 
and disulfide. The addition of carbon oxysulfide lowers the vis¬ 
cosity of the viscose.^®* From ethyl chloroformate and sodium 
mercaptide the same ester is former as from Bender’s salt and 
ethyl iodide.22^ When both alcohol and mercaptan are present 
with alkali the carbon oxysulfide combines with the alcohol to 
give Bender’s salt, EtO*CO‘SK.^^* 

Carbon disulfide reacts very slowly with ammonia but the 
oxysulfide gives the thiocarbamate quickly: iso- 232 

2 NH 3 + cos NH4S*C0*NH2 

The reaction has been studied kinetically in gas phase at 0-50°. 
It is approximately of the second order: 


cos + 2 NH3 

d [NH 3 ] _ 

df 


NH4SCONH2 
2k [NH 3 ] [COS] 


C0(NH2)2 + H2S 


k = 2.31 X 10“^. The temperature coefficient is small, only 0.90 
for 20°. It goes in two stages: 

cos + NH 3 COSNH 3 

COSNH 3 + NHg NH 4 SCONH 2 

Urea, thiourea, and thiocyanate have been obtained from the 
water solution of the ammonium thiocarbamate, NH4SCONH2. 
The formation of urea from ammonia and carbon dioxide, or car¬ 
bon oxysulfide, has been considered from the viewpoint of thermo¬ 
dynamics. The yield from the oxysulfide should be twice that 
from the dioxide and besides the reaction is faster.^^^* A 
commercial method for the manufacture of urea has been pro¬ 
posed *** and the chemical engineering factors have been worked 
out.^* The limitation is the availability of carbon oxysulfide. 
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When added to an acoholic solution of an amine and caustic 
potash, carbon oxysulfide forms a thiocarbamate, EtNH*CO*- 
gK.i^ Passed into an ether solution of benzylamine, it gives 
PhCH 2 NHC 0 SH*H 2 NCH 2 Ph, which separates as shiny leaflets. 
With aniline in hot ethanol, the 1,3-diphenylurea is formed at 
once.^®® The diphenylurea is also obtained from aniline in water 
containing hydrogen peroxide.^® 1 ,3-Diarylureas can be prepared 
in excellent yields by treating a monoprimary arylamine with 
carbon oxysulfide in the presence of an alkali catalyst.^ ® Di- 
methylamine and carbon oxysulfide give dimethylammonium 
dimethylthiocarbamate, Me 2 NCOSNH 2 Me 2 ; piperidine and mor¬ 
pholine give analogous compounds.^"* Ethylene urea is prepared 
by heating carbon oxysulfide with ethylene diamine until the 
evolution of H 2 S ceases.^’^ With diamines in which the amino 
groups are separated by longer carbon chains, the products are 
linear polymers.®®- ® Carbon oxysulfide is said to react 

with ethyleneimine and its homologs.*^^ Condensation with an 
a-aminonitrile gives a thiazoline and with o-aminophenylace- 
tonitrile, a thiazole.®^ 

With a Grignard reagent a thiol acid is formed: 2 ® 

RMflBr -t- cos RCOSH 

Polymers of high molecular weight are formed from dimethyl- 
ketene and carbon oxysulfide.®®- 2 ®® Condensation polymers may 
be treated with carbon oxysulfide to raise their molecular 
weights.^^^ With phenol, carbon oxysulfide forms a clathrate 
compound the structure of which has been studied.^®^- ^®® With 
nitrogen as a diluent, carbon oxysulfide with C 0 F 3 yielded a 
solid, nearly pure SFe, and a liquid mixture of SFe and C 0 F 2 .^^® 
In a current of carbon oxysulfide between 90° and 370°, lead 
oxide is converted to the sulfide.^®® Carbon oxysulfide is said 
to cause the disintegration of concrete,®®- ®^ and is antagonistic 
to lead tetraethyl in gasoline,^®® but in liquefied petroleum gas 
does not cause corrosion.^®® Traces of it have a favorable effect 
on the formation of iron carbonyl.*^® 

Removal from Gas Mixtures 

The removal of carbon oxysulfide from illuminating gas and 
from gases which are to be used in chemical reactions, such as 
the synthesis of ammonia, is important. Activated carbon,®^- 
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to which ammonia may be added,*- has been recommended. 
It has been proposed to remove carbon oxysulfide from gases by 
moist amines or by amines in solution; piperidine, 
diethylamine,^^ ethanolamine,*"*- and diethanolamine 

have been claimed. Alkali may be added to ethanolamine solu¬ 
tion ®^’ ^^® or ammonia and a copper salt to the piperidine.^®® The 
ethanolamine may be on a solid adsorbent.®®® Bauxite alone ^®® 
or impregnated with a solution of copper thiomolybdate may 
be used. Sodium plumbite®®® and cadmium salts ®®^ on carriers 
and contact masses of iron oxide and alkali i®- are said to be 
efficient. Other methods are: Solution in water at 15 atmos¬ 
pheres or in aqueous ^®®’ or alcoholic caustic alkali, 

conversion to hydrogen sulfide,®®® adsorption by silica gel,®® oxi¬ 
dation,^® by a special porous cement catalyst,® by anion exchange 
resins,®®® by passage through a hydroforming unit,^®® and by 
treatment with reactive metals dissolved in molten salts, oxides, 
hydrates, or metals.^®^ The subject of removal of carbon oxy¬ 
sulfide from gases has been discussed.®®- ^^®- ^®^- ®‘‘® 

Determination 

Considerable work has been done on methods for the determi¬ 
nation of carbon oxysulfide in the presence of other sulfur com¬ 
pounds as may be found in manufactured gas and contaminated 
air, viz., by adsorption in dilute alkali followed by titration 
procedures,^®^- ^®® by similar methods requiring special appara¬ 
tus,^®^- ^^®- ®^® by selective absorption,^®®- ®i^ by polarographic,®®®- 
®®^ and spectrophotometric ®^ methods. The liberation of palla¬ 
dium from palladium chloride has been proposed for the detection 
of carbon oxysulfide.^®® 

It is a curious fact that carbon oxysulfide is rapidly taken up 
by dilute solutions of caustic soda, 33% per minute for an S% 
solution, but only 2% per minute by a 30% solution. This is 
used in the volumetric analysis of mixtures of carbon monoxide 
and dioxide, carbon oxysulfide, and other gases. The measured 
sample is brought in contact with 1 cc. of 30% sodium hydroxide 
and the volume read each minute for several minutes. Add 4 cc. 
of water and read the volume every ten minutes for an hour to 
get the carbon oxysulfide. Finally add 1 cc. of 30% caustic 
potash solution and read the volume every day for several days to 
get the carbon disulfide.®®®- ®®® 
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Carbon oxysulfide may be hydrolyzed by potassium hydroxide 
and the sulfide ion determined.^®^* 2®®- 2 ®® The sulfur can be 
weighed as palladium sulfide.®® With barium hydroxide, barium 
carbonate and sulfide are formed.*^ 

Carbon oxysulfide is absorbed by sodium or potassium hydrox¬ 
ide solution to form carbonate and sulfide. It is probable that 
the thiocarbonate, KS*CO*OK, is the first product and that this 
is hydrolyzed: ^®* 

KS*eO*OK -I- 2 KOH -♦ K2S + I^COj HjO 

It can also be determined by conversion to H 2 S by passing it with 
hydrogen over aluminum oxide at 900°.®® Explosion with oxygen 
has been recommended.®®® Absorption in a 7.5% calcium chloride 
solution containing 1% of ammonium hydroxide has been ad¬ 
vised.® 


Physiological 

Carbon oxysulfide affects the nervous system and causes dizzi- 
ness.^^^ Rabbits exposed to a concentration of 0.24% suffered 
convulsions and disturbances of the respiratory centers while 
0.32% was fatal in a short time. Frogs showed much more re¬ 
sistance, probably on account of their lower oxygen requirements. 
In a concentration of 1.5% for an hour they suffered paralysis 
of the respiratory center but recovered.®® The blood does not 
show absorption bands characteristic of carbon monoxide.*®® In 
a concentration of 0.89%, mice died in 45 seconds; of 0.29%, in 
90 seconds; and of 0.12%, in 35 minutes; 0.09% did not seem to 
be harmful.*^® 
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Thiophosgene 


SCCI2 

Introduction 

Thiophosgene, also called thiocarbonyl chloride, is the sulfur 
analog of phosgene. From it may be prepared ester chlorides, 
esters, thioesters, ester amides, ureas, and substituted ureas. 
Compounds prepared from thiophosgene will, of course, contain 
thiocarbonyl instead of carbonyl. The reactions of thiophosgene 
are, in general, analogous to those of phosgene but are usually 
more sluggish. 

Thiophosgene was discovered by Kolbe in 1843. Chlorine and 
carbon disulfide standing in a flask for some days reacted: 

2CS2 + 3CI2 -»• 2CSCI2 + SjClj 

He made it also by shaking carbon disulfide with a mixtm'e of 
manganese dioxide and hydrochloric acid and by passing carbon 
tetrachloride and sulfur dioxide through a hot tube.*® It was 
obtained along with other products by Gustavson from carbon 
tetrachloride and sulfur in a sealed tube at 180-200®.®® James ob¬ 
tained it by chlorinating methyl thiocyanate.®® Carbon disulfide 
was passed over hot bone black in the hope of getting carbon 
monosulfide which could be chlorinated by antimony pentachlo- 
ride, but this failed.®® A small yield can be obtained by heating 
carbon tetrachloride with sulfur and somewhat more with ferrous 
sulfide: ®® 
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CCI4 + 3 S -*■ CSCI2 + S2CI2 

CCI4 + F«S -*■ CSCI2 + FeCl2 

Some of it is obtained in the electrolytic chlorination of carbon 
disulfide and also in the chlorination of (Cl 2 HC) 2 S.^^ 

Preparation 

Thiophosgene is customarily prepared by the removal of chlo¬ 
rine from perchlormethyl mercaptan: 

CI3CSCI — 2 Cl -*■ SCCI2 

Various reagents have been used for this purpose. Rathke seems 
to have been the first to make it by abstracting chlorine from 
perchlormethyl mercaptan by a metal: 

CI3CSCI -I- 2 Ag -*■ CIgCS -I- 2 AgCI 

Klason used tin for this reduction.^* Ever since, tin and stannous 
chloride, with hydrochloric acid, have been the preferred reducing 
agents.^'*’ Zinc and hydrochloric acid may be 

used;^*’ potassium sulfite is recommended: 

CSCI4 -I- K2SO3 + HgO SCCIg -I- K2SO4 -I- 2 HCI 

Iron has been avoided since it catalyzes the formation of carbon 
tetrachloride but it is said to give an 80% yield if properly 
used.^* An organic compound has been recommended for the 
removal of the chlorine.'*" Thiophosgene is produced by treating 
perchloromethyl mercaptan with a hydro-aromatic compound in 
the presence of a Friedel-Crafts catalyst.^® An 80% yield is said 
to be obtained by the dropwise addition of perchlormethyl mer¬ 
captan to tetralin at 200°.^^ Catalytic removal of the chlorine 
by hydrogen has been claimed.^® 

Properties 

Thiophosgene boils at 73.5° and has dig 1.5085, d 9/4 1.53951, 
nj, 1.54424.^^ Equations for heat capacity together with con¬ 
stants for these equations have been given.^^’ The free energy 
of formation, heats of formation and combustion, heat capacity, 
and enthalpy have been determinedIt mixes with the ordinary 
organic solvents but is insoluble in water. There have been in¬ 
vestigations on its electron diffraction,'"’ dipole moment,''* 
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Raman spectrum,*’ and on its ultraviolet,*’ ^ infrared,*’-'’*' 
and long wave absorption. Studies have been made of the elec¬ 
tronic spectrum and molecular vibrations of the thiophosgene 
molecule.”’ Data for the intensity, bond moments, molecular 
structure, and spectrum are given,also for the matrices and 
force constants for the nonplanar modes of thiophosgene.*^ 

Thiocarbonyl Fluoride, SCFs 

This compound is prepared by the action of sulfur on trifluoro- 
iodomethane at 205".* It boils at -46“ and freezes at -134“.** 

Reactions of Thiophosgene 

Thiophosgene is far less reactive than phosgene. It is attacked 
by water very slowly and reacts with only one molecule of an 
alcohol or mercaptan: 


EtOH 

+ SCCI2 

-> 

EtO«CSCI 

+ HCI 

EtSH 

+ SCCI2 


EtS'CSCI 

+ HCI 

In the presence of alkali the second chlorine 

is replaced: 

ElO*C$CI 

+ EtONa 

-> 

EtOCSOEt -1- NaCI 

EKXSCI 

+ EtSNa 

-> 

EtO*CS*SEt 

+ NaCI 

EtS'CSCI 

+ EtONa 

-> 

EtS<S*OEt 

+ NaCI 

EtS*CSCI 

+ EtSNa 


EtSCS’SEt 

+ NaCI 

It reacts well with sodium phenate and thiophenate: ** 

SCCI2 

+ 2 PhONa 

-> 

SC(OPh)2 

+ 2 NaCI 

SCCIg 

+ 2 PhSNa 


SC(SPh)2 

+ 2 NaCI 


In the presence of alkali, o-mercaptophenol and thiophosgene 
give benz-l,3-oxathiole-2-thione, m. 97-8“.** From thiophosgene 
and the sodium salt of a dialkyl dithiocarbamate the product is 

S(CSNR2)2.«’' 

With ammonia the product is ammonium thiocyanate. Perhaps 
CICSNH 2 is an intermediate: 

SCCI2 + NH3 -*■ CICSNH2 -» HSCN 

HSCN + NHj ^ NH^SCN 

AVith primary amines the reaction goes in two stages: 

RNHj -I- CIgCS ^ RNH*CSCI ^ RN:C:S 



418 


Organic Chemistry of Bivalent Sulfur 


This is an excellent method of making alkyl and aryl isothio¬ 
cyanates and will be taken up in another volume. The amine, or 
its hydrochloride, is added to an excess of the thiophosgene. 
Otherwise a dialkyIthiourea results; 

SCCI 2 + 2 RNHj SC(NHR)2 + 2 HCI 

2-Aminopyridine and thiophosgene in benzene give about 60% of 
1,3-di-2-pyridylthiourea.®* 

With dialkyl or diaryl amines the primary product is the thio- 
carbamine chloride which may react with a second molecule of 
the amine: 

SCCI 2 + RjNH RgN'CSCI + HCI 

R2N*CSCI + RjNH -* R2N*CS*NR2 + HCI 

The second reaction is favored by an excess of the amine or by 
the presence of alkali.'^’ ® 

With o-phenylene diamine and pyrocatechol cyclic compounds 
are formed: ^ 


cs 

\/Vnh/ 


111.295* 



Phenyl benzoyl diazomethane and thiophosgene give a cyclic 
compound.^^ A cyclic trithio-carbonate is obtained with 2,5-di¬ 
thiol-1,3,4-thio-diazole.®^ 2-Mercapto-oxazolines are formed 
from thiophosgene and certain amino alcohols.^ Thiophosgene 
reacts with malonic ester. The product melts at 177-8® and is 
probably polymeric. In the presence of aluminum chloride thio- 
benzophenone can be made: 


2C6He + CljCS CeHgCSCeHg + 2 HCI 

When thiophosgene is passed over ammonium chloride at 400®, 
disproportionation takes place: ® 


2 SCCI2 CS2 -H CCI4 

This decomposition is catalyzed by iron at moderate tempera¬ 
tures.^’ 

Thiophosgene reacts with potassium bisulfite in two stages: 
SCCI2 -t- 2 KHSO3 ^ sc(S 03 ic )2 -I- 2 HCI 

SC(S 03 lC )2 + KHSO3 ^ HSCCS03K)3 
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The same product is formed from potassium sulfite.^ The reac¬ 
tion with nickel carbonyl has been studied in the hope of pre¬ 
paring carbon monosulfide but results were not conclusive.^®- 
With NaF in cyclic tetramethylene sulfone at 210-250° thio- 
phosgene gives (F 3 CS) 2 , F3CSCI, and other materials.®^ With 
ethylene oxide several products are obtained; these may be as¬ 
sumed to be derived from the initially formed 2-chloroethyl 
chlorothioformate.®® Thiophosgene is oxyluminescent.^® 
Thiophosgene has some value in fumigation; it has a greater 
anti-oxygenic effect on benzaldehyde than phosgene.^® 

Dithiophosgene 

Light changes thiophosgene into a dimer and breaks down the 
dimer to the monomer.®® These changes may be followed by 
measurements of the magnetic susceptibility.® That it is a dimer 
is shown by cryoscopic measurements, but the molecular refrac¬ 
tion did not fit the formula, CUC'S’CCLS, which had been pro¬ 
posed.^® The dimer is a solid the melting point of which is 
variously given as 112.5°, 116°, and 119°. This photopolymeriza¬ 
tion is similar to that of anthracene.®^ The ring structure ®® has 
been confirmed by the infrared spectrum: ®® 

cij ^ cu 

Dithiophosgene reacts with aniline to form Cl 2 C(S) 2 CNPh, m. 
70°. With water it gives CI2CS2CO and with alcohol C2S3CI2, m. 
58-9°.i« 
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—, phenyl ester, system with 

phenyl thiobenzoate, 35 
—, p-aminothio-, S-esters, 73 
—, p-(butylamino)thio-, S-esters, 
73 

—, dithio-, 38 

—, —, 2-dimethylaminoethyl ester, 
absorption spectrum of, 42 
—, —, ethyl ester, triphenylmethyl 
thiobenzoate from, 42 
—, —, nickel salt, 40 
—,—, potassium salt, 39 
—, p-fluorothio-, 22 
—,5-isopropyl-2-methyl-. See p- 
Cymene-2-carboxylic acid. 

—, o-mercapto-, cyclic esters, 29- 
30 

—, p-nitro-, esterification of mer- 
captans by, 26 
—, p-nitrothio-, 22 
—,—, S-esters, 72-73 
—, seleno-, 62 
—, thio-, 13, 22 
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Benzoic acid, tAio-, p-N-alkylamino 
derivs., S-esters, 73-74 
—,—, SyS'-benzylidene ester, 23 
—,—, and derivs., esters, lulling 
and melting points of, 61-62 
—, —, esterification of, 25 
—,—, esters, 28, 29 
—,—,0-ester, 76-77 
—,—, S-esters, 71-72 
—, —, ethyl ester, 25 
—, —, S-ethyl ester, equilibrium 
with ethyl alcohol, 32 
—, —, 0-ethyl ester, reaction with 
CeHgHgBr, 37 

—,—, hydrazide, reactions of, 56 
—, —, S-phenyl ester, system with 
phenyl benzoate, 35 
—, —, reaction with aniline, 23 
—, —, reaction with benzonitrile, 
48 

—, —, thioanhydride with thio- 
acetic acid, 23 

—,—, jS-triphenylmethyl ester, 42 
—, —, S-triphenylmethyl ester, 

hydrolysis of, 32 
—, thiol-, anhydride, 22 
—, thiono-, 12 
—,—, anhydride, 23 
—, trihydroxydithio-, 38 
Benzophenone, thio-, 17 
1,2,4-Benzotriazine, 3-(methyl- 
thio)-, hydrochloride, 245 
1,3-Benzoxathiol-2-imine, derivs., 
207 

Benzoyl chloride, thio-, 41 
Benzoyl disulfide, 22, 23 
Benzoyldisulfur chloride, 19 
Benzoylpentasulfur chloride, 20 
Benzoyl sulfide. See “anhydride" 
under Benzoic acid, thiol-. 
Benzoyltetrasulfur chloride, 20 
Benzoyl trisulfide, 23 
Betaine, thio-, structure of, 18 
4,4'-Bicarbanilic acid, tetrathio-, 
215 

Bicyclo [2.2.1] heptane, derivs., 16 
Bismuthiol, 244 

Butenoic acid, 2-cyano-3-hydroxy- 
4-mercapto-, ethyl ester, 4- 
thioacetate, 34 

Butyl mercaptan, esterification of, 


sec-Butyl mercaptan, esterification 
of, 26 

Butyramide, A^-butylthio-, 50 
Butyric acid, S-esters, 66 
—, 4-mercaptodithio-, yf^^io-lac- 
tone, condensation of, 42 
Butyrolactone, dithio-, condensa¬ 
tion of, 42 

C 

Camphoric acid, thio-, 20 
Caprinitrile. See Decanenitrile. 
8-Caprolactam, thio-. See 2H- 
Azepin-2-thione, hexahydro-. 
Caprylic acid. See Octanoic acid. 
Carbamic acid, acetyldithio-, es¬ 
ters, 17 

—, acetylthio-, 0-ethyl ester, 204 
—, benzoylthio-, ethyl ester, 203 
—, benzyldithio-, esters, 278 
—, —, ester with 3-mercaptopro- 
pionitrile, 216 

—, benzylthio-, benzylamine salt. 
397 

—, bis (2-hydroxy ethyl) dithio-, 
prepn. of, and use in copper 
detn., 231 

—, butylthio-, S-esters, physical 
properties of, 266 
—, dibutyldithio-, esters, 283 
—, —, salts, physical properties of, 
259 

—, diethyldithio-, and derivs., as 
pesticides, 228 

—, —, and derivs., physiological 
actions of, 225-226 
—,—, diethylamine salt, parachor 
of, 225 

—, —, esters, physical properties 
of, 282 

—,—, and salts, in analysis, 229- 
231 

—, —, salts, physical properties of, 
259 

—,—, and salts, properties of, 
224-225 

—, diethylthio-, esters, physical 
properties of, 275, 282 
—, dimethyldithio-, and derivs., as 
pesticides, 228 

—, —, and derivs., physiological 
properties of, 225-227 
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Carhamic acid, dimethyldithio-, 
esters, physical properties of, 
279-282 

—, —, ferric salt, determination of, 
158 

—,—, salts, as vulcanization ac¬ 
celerators, 231-233 
—, —, salts, physical properties of, 
258-259 

—, —, zinc salt, solubility in pres¬ 
ence of oiTg. bases, ^5 
—, dimethylthio-, dimethylamine 
salt, 397 

—, —, O-esters, physical properties 
of, 275 

—, —, S-esters, physical properties 
of, 269 

—, dipropyldithio-, esters, 283 
—, —, salts, physical properties of, 
259 

—, dithio-, alkyl derivs., 211-219 
—,—, (o-aminoalkyl derivs., 212 
—,—, ammonium salt, 209 
—, —, anhydride. See Sulfide, bis- 
(thiocarbamoyl)-. 

—,—, carboxymethyl ester, 236 
—,—, and derivs., IQiSff 
—, —, —, anhydrides with acetic 
and other acids, 261 
—, —, —, esters, 2Mff 
—, —, derivs., esters, physical 

properties of, 276if 
—, —, —, in analysis, 229-231 
—, —, —, pharmacology of, 244 
—, —, —, physical properties of, 
256 

—, —, —, reactions of, 239-242 
—, —, —, structure of metal salts 
of, 132 

—,—,—,uses of, 218-219, 242- 
244 

—, —, dialkylaminoalkyl derivs., 

esters, 285-286 
—,—, diakyl derivs., 2\9ff 
—,—,—, properties of, 241 
—, —, —, reactions of, 223-224 
—, —, —, salts, as vulcanization 
accelerators, 231-233 
—,—, dialkyl nitrosoiron derivs., 
220-221 

—,—, methyl ester, and derivs., 
276 

—,—, salts, properties of, 217 


Carbamic acid, dithio-, vinyl ester, 
uses of, 243 

—, ethyldithio-, esters, physical 
properties of, 277-278 
—, ethylenebis dithio-, disodium 
salt, 213 

—,—, esters, 286 
—, —, and salts, as fungicides and 
pesticides, 218-219 
—,—, salts, determination of, 218 
—,ethylthio-, S-esters, 266 
—, isobornylthio-, S-esters, 267 
—, isopentyldithio-, isopentyl- 

amino salt, 211 

—, isopropylthio-, S-esters, 266 
—, methylthio-, S-esters, physical 
properties of, 265-266 
—, phenethyl-, ammonium salt, 
215 

—, thio-, ammonium salt, from 
COS and NH 3 , 396 
—,—, 0 -bomyl and 0 -methyl es¬ 
ters, 202 

—, —, S- (carboxymethyl) ester, 

dehydration of, 298-299 
—,—, derivs., 196j5^ 

—,—, derivs., thioanhydrides, 149 
—, —, 0 , 0 -diesters, from dixan- 
thogens and NH 3 , 151 
—,—, 0 -esters, 201-208 
—,—,—, phosphorescence of, 180 
—, —, —, physical properties of, 
269# 

—, —, —, reactions of, 204-208 
—,—, S-esters, 197-201 
—, —, —, with mercaptoacetic 

acid, 2 -phenylhydrazide, 200 
—, —, —, with 3-mercaptopropi- 

onic acid, NH salt, 199 
—, —, —, physical properties of, 
263-265 

—, —, esters, tautomerism of, 196- 
197 

—,—, 0- and S-ethyl esters, dif¬ 
ferentiation of, 201 
—,—,menthyl ester, reactions of, 
206 

—,—, salts, 197-198 
—, thiol-, and derivs., 1S2-133 
—, thiono-, and derivs., 131-132 
—, 2 , 2 , 2 -trichloroethylidenebis 
thio-, S-esters, 267-268 
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Carbamoyl chloride, derivs., 260- 
261 

Carbamoyl thiocyanate, derivs., 
261 

Carbanilic acid, p-(p-amino- 
phenyl)dithio-, phenylhydra- 
zine salt, 215 

—, dithio-, ammonium salt, decom¬ 
position of, 215 

—, —, esters, physical properties 
of, 278 

—,—, salts, 214 
—, 7V-ethyldithio-, esters, 286 
—, A^-methyldithio-, esters, 286 
—, thio-, cyclohexyl ester, pyroly¬ 
sis of, 388 

—, —, 0-esters, and or-derivs., 272 
—,—, S-esters, 267 
Carbanilide, formation from COS 
and aniline, 397 

Carbazic acid, dithio-, benzyl es¬ 
ter, alkylidene derivs., 292 
—, —, derivs., 244-245 
—,—, and derivs., 291-293 
—, —, ethyl ester, alkylidene de¬ 
rivs., 292 

—, —, methyl ester, alkylidene de¬ 
rivs., 291 

—, thio-, 0 -esters, 208 
—, —, 0- and S-esters, 289-290 
Carbocyanines, 44 
Carbodithioic acids. See Dithio 
acids. 

Carbohydrates, thio derivs., 29 
Carbon dioxide, comparison with 
carbonyl sulfide, 389, 391 
—, reaction with NH 3 , 197 
Carbon disulfide, carbonyl sulfide 
comparison with, 389, 391, 392 
—, carbonyl sulfide from, 387-388 
—, detection of, 231 
—, determination in presence of 
COS, 398 

—, reactions with acetoacetic and 
malonic esters, 38 
—> —> with alcohols and sodium 
cellulose, 134 
—, —, with NH 3 , 209 
—, —, with NH 3 and amines, 211 ff 
—, with ethylenediamine, 212 
—, —, with hydrazine hydrate, 244 
—, removal from gases, 214 


Carbon disulfide, role in xanthation 
of alcohols, 141 

Carbonic acid, dithio-, 0-alkyl 
S-p-nitrobenzyl esters, 144 
—,S.S-diesters, 170-171, 186- 
187, 240 

—, —, O.^S-diethyl and 0.iS-di- 

methyl esters, 152 
—, —, O.S- and S.iS-diethvl esters, 
132 

—, —, esters, 134 
—, —, 0-esters, salts. See Xanthic 
acids and Xanthates. 

—,—, esters, thioanhydrides, 149 
—, —, S,S'-ethylene ester, 241 
—,—, and salts, equilibria in, 131 
—, dithiol-, and esters, 131 
—, seleno-, 0-ethyl ester, 144 
—, thio-, anhydridosulfide, esters, 
182 

—, —, cyclic 0 , 0 - 1 , 2 -dimethyl- 
ethylene ester, 149 
—,—,0.0-diesters, 138-139, 185- 
186 

—,—, O.S-diesters, 185 
—,—,0.0-diethyl ester, 132 
—,—, O.S-diethyl ester, 132 
—, —, O.O-diethiyl ester, reaction 
with NH 3 , 138-139 
—, —, 0 , 0 -diphenyl and 0 . 0 -bis- 
(p-methoxy phenyl) esters, 
spectra of, 181 

—,— ,0,0- and OyS-diphenyl es¬ 
ters, 138 

—,—, 0- and S-esters, 133ff 
—, —, esters, mercury salts, 183 
—,—, S-esters, reactions of, 137- 
138 

—,—, S-esters, salts, 136ff 
—, —, esters with polyhydroxy 

aromatic compds., 137 
—,—, ethyl ester, K salt, 131 
—, —, 0-ethyl S-isobutyl ester, 137 
—,—,0-ethyl S-phenyl and 0,S- 
diphenyl esters, 137 
—, —, potassium salt, 399 
—, thiol-, and esters, 131ff 
—, thiolthiono-, and esters, 131 
—, thiono-, and esters, \31ff 
—, trithio-, alkvl esters, reactions 
of, 175-177 

—, —, bi.s(carboxymethyl) ester. 
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Carbonic acid, trithio-, cyclic ethyl¬ 
ene ester, 195 
—,—, and derivs., 171^ 

—,—, diethyl ester, 194 
—,—,—(reactions of, 176 
—,—,—, spectra and structure of, 
175 

—,—(dimethyl ester, 194 
—,—.diphenyl ester, spectra of, 
181 

—,—, esters, 173 
—, —, —, physical properties of, 
194-195‘ 

—,—,—(Salts of, 177-179 
—,—,—(Uses of, 177 
—,—, and esters, 131 
—, —, ethvlene ester, reactions of, 
176, 177 

—,—.monoesters, 178 
—,—(Structure of, 132 
Carbon oxysulfide. See Carbonyl 
sulfide. 

Carbon tetrachloride, reaction with 
sodium mercaptides, 43 
Carbonyl chlorides, derivs., 181- 
182 

Carbon\'l selenide, 394 
Carlwnyl sulfide, 386-399 
—, determination of, 398-399 
—, formation of, 386-387 
—(hydrolysis of, 394-395 
—, occurrence of, 386 
—(Oxidation of, 395 
—, physiological properties of, 399 
—, polymer from dimethylketene 
and, 397 

—, preparation of, 388-389 
—, properties of, 389-394 
—, reactions of, 394-397 
—, —, with alcohols and sodium 
cellulose, 134 

—,—(With NHa and amines, 197 
—, removal from gas mixtures, 
397-398 

Carbothialdines, 211 
Carlwthionolic group, 131 
Cellulo.se, alkali, reaction with 
COS, 396 

—, sodium deriv., reactions with 
COS and CSa, 133 
Cellulo.se xanthates, 141 
—, from cellulose and COS, 396 
Cholesterol, xanthates, 193 


Cinnamyl mercaptan, 239 
Citric acid, 1,5-dithio-, SyS'-diethyl 
ester, 30 

Coccidiosis, control of, 254 
Coenzyme A, biological alkylation 
of, 17 

copper compounds, detn. by dithi- 
ocarbamates, 229-231 
—, reactions with thiuram com- 
pds., 252 

Coumarin, thio-. See Thiocour 
marin. 

Cuminonitrile, reaction with H 2 S, 
46 

Cyanohydrins, thioamides from, 47 
Cyclohexanecarbamic acid, 4- 
aminodithio-, 212 
—, AVthyldithio-, in metal detec¬ 
tion, 231 

—, thio-, S-esters, 266-267 
Cyclohexanecarbodithioic acid, 
oxidn., by nitric acid, 41 
Cyclohexene, reactions with 1,5-di- 
thioglutaric and 1,8-dithiooc- 
tan^ioic acids, 30 
Cyclopentanecarboxylic acid, 1- 
phenylthio-, and anhydride, 
20 

p-Cymene-2-carboxylic acid, col¬ 
ored metal complexes of, 40 

D 

Decanenitrile, 10-amino-, polymers 
(linear) from HgS and, 48 
Diacetamide, thio-, 54 
Diallyl. See I^-Hexadiene. 
Diamines, polymers from CS 2 and, 
- ’ 212 

Diazonium compounds, aryl tri- 
thiocarbonates from, 174 
Dibenzamide, A^-phenylthio-, 54 
Diethylethylideneammonium 
ethylidenedithiocarbamate, 

211 

Dimethylamine, detn. in biological 
fluids, 231 

Disulfide, acetyl chloro, 19 
—, acetyl (2-chloroethyl), 19 
—, acetyl ethyl, 19 
—.acetyl phenyl, 19 
—, acetyl 2-naphthyl, 19 
—, bis(acetyloxy), 19' 
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Distil fide, bis (1 -aziridinylthiocar- 
bonyl), as fungicide and insec¬ 
ticide, 254 

—, bis(diethyldithiocarbamoyl), 
262 

—, bis(diethylthiocarbamoyl), 247 
—, bis(dimethyldithiocarbamoyl), 
physical properties of, 262 
—, bis(dimethylthiocarbamoyl), 
247 

—, —, as pesticide, 254-255 
—,—.physiological properties of, 
255 

—, bis(morpholinothiocarbonyl), 
as fungicide, 254 
—, bis(p-nitrobenzoyl), 22 
—, bis(phenylacetyl), 23 
—, bis(piperidinothiocarbonyl), 
247 

—, bis(thiocarbamoyl), and de- 
rivs., 246-250 

—, bis- (1 -thionaphthoyl), 40 
—, dicarbamoyl, derivs., 261 
Disulfides, formation from dithio 
acids, 40 

Dithane, 218-219 

1.2- Dithiacycloundecane-3,11 -di- 

one, 22 

1.3- Diethietane, 2,2,4,4-dichloro-, 

as structure of thiophosgene 
dimer, 419 

—, 2,4-bis(diphenylmethylene)-, 

37 

Dithio acids, 37ff 
—, and derivs., uses of, 41 
—.esters, 41-42 

—, and esters, physical properties 
of, 77-79 

—, and esters, reactions with hy¬ 
drazine, 48 

—, oxidn. to disulfides, 40 
—.properties of, 39-40 
—, reactions with o-phenylenedi- 
amine, 40 

Dithio esters. See “esters” under 
Dithio acids, 

Dithiophosgene, 419 
Dithiourethans, 234 
Dixanthogens, 151-153, 182-183 
—.uses of, 152-153 
Dodecanamide, i\r,Ar'-thiodi-, 48 
Dodecanethioic acid, 5-esters, 
physical properties of, 67 


Dodecyl mercaptan, monothiosuc- 
cinate, 30 

E 

Erucic acid, hydroxydimethyl 
thiol-, from staphylococci, 12 
Esterification, mechanism of, 25 
Esters, of thiol acids, 24ff 
—, structure of, 24 
Ethane, l,2-bis(phenylthio)-, 44 
—, 1,1,1-trichloro-, reaction with 
mercaptides, 44 

Ethanethiol. See Ethyl mercaptan. 
Ethanol, 2-mercapto-, acetate and 
mercaptide, 16 
—, —, thioacetate, 16 
Ethenethiol, 2-phenyl-, thioace¬ 
tate, 16 

Ethyl acetate, structure of, 24 
Ethylamine, reactions with COS, 
197 

Ethylenediamine, reaction with 
CSa, 212 

Ethylene oxide, reaction with thio- 
acetic acid, 16 

Ethyl mercaptan, equilibrium with 
ethyl benzoate, 32 
—, esterification of, 25 
—,2-amino-, 16 

—, 2-dimethylamino-, dithiobenzo- 
ate, absorption spectrum of, 
42 

F 

Ferbam, 228 
Fermate, 228 
—.determination of, 158 
Flaveanic acid, 51 
Flotation agents, xanthates as, 
153-154 

Formamide, 1-cyanothio-, 51 
—, A^-(2,4-dihydroxy-s-triazin-l- 
yl)thio-, 47 
—, thio-, 45 

—, —, and A^-derivs., 80-81 
Formanilide, thio-, 45, 47, 48 
Formic acid, chloro-, esters, de- 
compn. temps, of, 139 
—, chlorothio-, esters, 203-204 
— , —,5-esters, 181-1^ 
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Formic acid, chlorothio-, esters, de- 
compn. temps, of, 139 
—,—, phenyl ester, 199 
—, —, reactions with NH 3 and 
amines, 199 
—, cyanodithio-, 38 
—, dithio-, and derivs., 39 
—,—, ethyl ester, 42, 44 
—, dithiobis thio-, 0 , 0 -dimethyl 
ester, 152 

—,—,0-esters, 151-153 
—,—,0,0-esters, uses of, 152-153 
—, dithiobis thiono-, diethyl ester, 
140 

—, dithiotriazo-, 159-161 
—,—, and esters, 293 
—, (phenylthiocarbamoyl)-. See 

Oxanilic add, 2~thio-. 

—, thio-, and derivs., 20-21 
—,—,0-esters, 37 
—, —, S-esters, 63 
—,—, ethyl ester, 27 
—, thiobis thio-, 0 , 0 -diesters, 182- 
183 

—, (thiocarbamoyl)-. See Oxamic 
acid, 2-thio-, 

—, thiodi-, esters, 182 
Formimidic acid, thio-, esters, 74 
—,—, ethyl ester, 27 
Formyl chloride, (alkylthio) de¬ 
rive., 181-182 

Fries reaction, inactivity of aryl 
thioesters in, 33 
Furamide, thio-, and derivs., 86 
Furoic acid, dithio-, 39 
—, thio-, 22 
Furoyl disulfide, 22 

G 

Glucose, reaction with KCNS, 203 
Glucoxazoline, p-thio-, 203 
Glutaric acid, 1,5-dithio-, reaction 
with cyclohexene, 30 
—, 3-oxo-l,l,5,5-tetrathio-, 38 
—, thio-, 22 

—, —, iS,S'-hexamethylene ester, 30 
Glutathione, acetylation by thio- 
acetic acid, 17 

Glycine, reaction with xanthates, 
202 

—, A^,A^-dimethylthio-, methyl es¬ 
ter, betaine, structure of, 18 


Glycine, N,N,'- [dithiobis (thiocar- 
bonyl)]di-, derive., 254 
—, A^-glycylthio-, S-phenyl ester, 
17 

—, thio-, 20 

Glycolic acid, dithiocarbamate, 236 
—, xanthates, 192-193 
Glyoxal, 2-phenyl- 1 -thio-, alkyl 
mercaptals, 38 
Glyoxime, diamino-, 54 
Grignard reagents, reaction with 
thioesters, 33 

Guanidine, and derive., reactions 
with CS 2 , 210 

—, cyano-, reaction with thioacetic 
acid, 17 

H 

Hexadecanethioic acid, 20 
—, S-esters, physical properties of, 
67 

1,5-Hexadiene, polymeric esters 
from dithioacids and, 31 
Hexamethylene dimercaptan, S-es¬ 
ters with monothio dibasic 
acids, 30, 68 

1,2-Hexanedithiol, bis(thioace- 
tate), 16 

Hippuraldehyde, 15 
Hippuric acid, thio-, hippuralde¬ 
hyde from, 15 
Hydrazides, thio-, 48 
Hydrazine, 1 -phenyl- 2 - [ (thiocar- 
bamoyl)acetyl]-, 200 
Hydrocinnamamide, thio-, and de¬ 
rive., 86 

I 

2-Imidazolidinone, 397 
Imidic acids, thio-, esters, 74-75 
Imidines, 55 

Imidocarbonic acid, thio-, and N- 
derivs., esters, 287-289 
Imidodicarboxylic acid, 1 -thio-, 
1-0-esters, 270 

—, thiono-, diethyl ester, isomers, 
203 

Iminosulfides, 56 
Iminothio acids, esters, 74-75 
Iminothiocarbonic acid. See Imi¬ 
docarbonic acid, thio-. 
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It:obutyl mercaptan, esterification 
of, 26 

Isobutyric acid, thio-, 20 
—,—, S-esters, 66 
Isocyanic acid, ethyl ester, forma¬ 
tion from Hg ethylthiocar- 
bamate, 197-198 
Tsoleucine, thio-, 21 
Isonicotinamide, thio-, and A^-de- 
rivs., 86 

Isbthiocyanic acid, alkyl and aryl 
esters, 418 

—, esters, reactions with aceto- 
acetic and malonic esters and 
with Grignard reagents, 49 
—, —, reactions with alcohols and 
phenols, 202 

—, —, reactions with thioacetic 
acid, 17 

—, phenyl ester, 215-216 
Isothiuram disulfides, 248-249 
Isovaleric acid, thio-, 20 

K 

Ketene, reaction with mercaptans, 
28 

—, dimethyl-, polymer from COS 
and,397 

L 

Lead acetate, thioacetic acid from, 
13 

Lubricants, dithiocarbamates as 
additives for, 233 

M 

Malonamic acid, 2-acetyl-3-thio-, 
A^-derivs., ethyl esters, 91 
—, 3-thio.-,. A^-derivs., 90 
Malonamide, 2-butyl-Ar,A^'-di- 
phenyl-, 49 

—, dithio-, A^-derivs., 90 
Malonanilide, dithio-, 44 
Malonic acid, diethyl ester, Na de- 
riv., reaction with CS 2 , 38 
—, acetyl-1,1-dithio-, 0-ethyl ester 
S-Na salt, 38 
—, 1,3-dithio-, 22 
—,—•, S-esters, 30 
—,—, nickel K salt, 21 


Malonic acid, (l-mercapto-iV- 
phenylformimidoyl)-, oxidn. 
to benzothiazone deriv., 53 
—, thiocarbamoyl-, AT-derivs., es¬ 
ters, 91 

Mercaptans, preparation from thio 
acids, 16 

—, preparation from xanthates, 
166-167 

Methacrylic acid, thio-, esters, 29 
Methane, dichlorodiphenyl-, reac¬ 
tion with thioacetic acid, 17 
Methanedithiol, diphenyl-, diace¬ 
tate, 8 

Methanol, triphenyl-, esterification 
by thioacetic acid, 24 
Methasan, 228 
Methionine, thio-, 21 
Methyliminothiotriazine, 17 
Methvl mercaptan, esterification 
of, 25, 26 

—, triphenyl-, thiobenzoate, 42 
—, —, —. hydrolysis of, 32 
Monex, 253 

Morpholine, 4,4'- (dithiooxalyl) - 

bis-, 52 

4-thioacetyl-, 52 
—, 4-thiobenzoyl-, 50 
4-Morpholinecarbodithioic acid, 
esters, 284-285 

—, salts, as fungicides and insecti¬ 
cides, 229 

Mustard oils, 215-216 
Myristic acid, thio-, 20 

N 

Naphthalene-carbamic acid, 0-es¬ 
ters, phvsical properties of, 
274 

Naphthoic acid, 1,2,3,4-tetrahy- 
drothio-, S-esters, 74 
—, thio-, S-esters, 74 
1-Naphthoic acid, dithio-, methyl 
ester, thermochromic solns, in 
ethyl benzoate, 42 
Nicotinic acid, thio-, 22 
—, —, esters, 29 
Nicotinoyl disulfide, 22 
Nitriles, reactions with H 2 S, 47 
Nonanedioic acid, 1,9-dithio-, 21 
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O 

Octadecanethioic acid, S-esters, 
physical properties of, 67-68 
Octanedioic acid, 1, 8 -dithio-, poly¬ 
meric esters from 1,5-hexa- 
diene and, 31 

—, —, reaction with cyclohexene, 
30 

Octanethioic acid, 13 
Oleic acid, thio-, )S-propyl ester, 68 
Orthoacetic acid, trithio-, dibenzyl 
ethyl ester, 43 
—,—, triphenyl ester, 44 
Orthobenzoic acid, trithio-, esters, 
43 

Orthocarbonic acid, tetrathio-, tet¬ 
raethyl ester, 43 

Orthoformic acid, triseleno-, esters, 
45, 80 

—, trithio-, esters, 42-45, 79 
—,—, tridodecyl ester, as vulcan¬ 
ization accelerator, 45 
—, —, triethyl ester, reactions with 
ethyl alcohol, 44 

—, —, triethyl ester, reactions with 
PA. 44 

Orthopropionic acid, trithio-, es¬ 
ters, 43 

Oxalic acid, 1,2-dithio-, 0,0-di- 
ethvl ester, reaction with aniline, 
37 

—, —, 0-esters, 77 
—, —, 8 -esters, 68 
—, —, 8 -esters and dipotassium 
salt, 30 

—, —, and salts, 21 
—, tetrathio-, dimethyl ester, 42 
—. thio-, 8 -ethyl ester, 30 
Oxalimidic acid, A^,iV'-dimethyldi- 
thio-, dipropyl ester, 54 
Oxamic acid, 2 -thio-, butyl ester, 
52 

Oxamide, A^,iV'-diethyldithio-, and 
tautomer, 51 

—, A^.iV'-diphenyldithio-, in anal¬ 
ysis for metals, 57 
—, iV',A^'-dipropyl-l-thio-, 52 
—, dithio-, 50-51 
—, —, in analysis for metals, 57 
—, —, derivs., 90 
—, —, reactions of, 54 
—, thio-, derivs., 89-90 


Oxanilic acid, 2-thio-, ethvl ester, 
51 

1.3- Oxathiolane-2,5-dione, 137 

2.4- Oxazolidinedione, 5-methyl-2- 

thio-, 207 
—, 2-thio-, 199 

2-Oxazolinethiol, and derivs., 218 
2-Oxazolin-5-one, derivs., reactions 
with thioacetic acid, 16 
Oxyluminescence, of organic S 
compds., 179-180 

P 

Pantetheine, acetylation by thio¬ 
acetic acid, 17 

1.4- Pentadiene-1,3,5-t rione, 1,5-di- 

thio-, 38 

Peptides, trifluoroacetylation of, 
17 

Peroxvacetic acid, dithio-, 8 -esters, 
19 

Perthio acids, esters, 80 
Pesticides, dithiocarbamates as, 
228-229, 243 

—, thiuram compds. as, 254-255 
—, xanthates as, 154-155 
Phenethyl alcohol, thioacetate, 16 
o-Phenylenediamine, reaction with 
dithio acids, 40 

Phosgene, reactions with carbanilic 
acid derivs.. 216 
—, thio-. See Thiophosgene. 
Phosphorescence, of organic S 
compds., 179-180 
Phthalic acid, 1,2-dithio-, 8 . 8 '-di- 
phenyl ester, 31 
—, dithiol-, thio-anhydride, 23 
—, thio-, 8 -esters, 31, 74 
—, —, 8 , 8 '-hexamethylene ester, 30 
Phthalic anhydride, reaction with 
thiophenol, 31 
—, thio-, reactions of, 31 
Phthalide, 3,3-bis(phenylthio)-, 31 
—, thio-, 23 

1-Phthalancarboxamide, 4-5-di- 
methoxy-3-oxo-, 47 
Picolinamide, thio-, and iV-derivs., 
86-87 

Picrvl chloride, reactions with 
'NH 4 SCN and alcohols, 203 
1-Piperazinecarbodithioic acid, es¬ 
ters, 285 
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Piperidine, dithiocarbamates from, 
222-223 

—, 1 -acetyl-, spectrum of, 56 

1- Piperidinecarbodithioic acid, and 

derivs., 222-223 
—, esters, 283-284 
—, piperidinium salt, as vulcaniza¬ 
tion accelerator, 232 
—, salts, physical properties of, 
259-260 

1 -Piperidinecarboselenothioic acid, 
piperidinium salt, 233 
Polymers, from thioacids and ole¬ 
fins, 30-31 

Potassium sulfites, reactions of 
KHSO 3 with thiophosgene, 
418^19 

2- Propanol, l-chloro-3-mercapto-, 

S-ester with thioacetic acid, 
16 

Propiolamide, phenylthio-, AT-de- 
rivs., 49, 8 ^^ 

Propionamide, 2,2-dichlorothio-, 
47 

—, 3-mercapto-, S-ester with thio- 
carbamic acid, and its AT-de- 
rivs., 264 
—, thio-, 45, 46 
—,—, and A^-derivs., 82 
Propionic acid, esterification of 
mercaptans by, 25, 26 
—, 2,3-dibromothio-, S-esters, 
physical properties of, ^ 

—, dithio-, potassium salt, 39 
—, 2 -mercapto-, carbamate, 200 
—, 3-mercapto-, carbamate, NH 4 
salt, 199 

—, —, S-ester with thiocarbamic 
acid, and its derivs., 264 
—, thio-, 20 
—, —, 0 -esters 76 
—, —, S-esters, 66 
—, —, 0 -methyl ester, chlorination 
of, 37 

Propionitrile, 3-mercapto-, benzyl- 
dithiocarbamate, 216 
—, 3,3'-thiodi-, 216 
Propyl mercaptan, esterification of, 
25, 26 

Pyromellitic acid, tetrathiol-, dian¬ 
hydride, 23 


P 

QuinolinecarboxyUc acid, hydroxy- 
dithio-, 38 

R 

Rhodamine, derivs., from dithio¬ 
carbamates, 236 

Rubber, vulcanization accelerators 
for, dithiocarbamates as, 224, 
231-233 

—, —, exchange between free S 
and, 250 

—,—, thiuram compds. as, 253- 
254 

Rubeanic acid, 50 

S 

Salicylic acid, dithio-, magnesium 
salt, pharmacolo^ of, 41 
—,2-thio-. Benzoic acid, o-mer- 

capto-. 

Scabies, control of, 254 
Schonberg rearrangement, 138 
Selenamides, 46, 91 
Seleno acids, 28 
—, esters, 28 

—, esters, eutectic mixtures of, 35 
Semicarbazide, reactions with di¬ 
thio acids, 40 

Spermine, reaction with 2-methyl- 
2-thiopseudourea, 213 
Succinic acid, 1,4-dithio-, dipotas¬ 
sium salt and thioanhydride, 
21 

—, —, S-esters, 30 
—, tetrafluoro-1,4-dithio-, SyS'di- 

ethyl ester, 30 
—, thio-, 22 

—, —, S-dodecyl ester, 30 
—, —, S,S'-hexamethylene ester, 30 
Succinimide, iV-phenylthio-, 46 
Sulfenamides, 289 
Sulfenxanthates, 194 
Sulfide, bis(ditruocarbamoyl) de¬ 
rivs., physical properties of, 
261-262 

—, bis(tetraethylthiocarbamoyl), 
251 

—, bis(tetramethylthiocarbamoyll, 
251 
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Sulfide, bis(thiocarbamoyl), de¬ 
rive., 250-251 

—, dicychlohexylthiocarbamoyl di- 
ethylthiocarbamoyl, toxicity 
of, 255 

T 

Terephthalic acid, 1,4-dithio-, pol¬ 
ymers from, 22 
Tersan, 254 

Tetradecanethioic acid, 5-esters, 
physical properties of, 67 
Tetrasulfide, benzoyl chloro, 19 
—, bis(thiocarbamoyl), derivs., 
251-252 

1,3,5-Thiadiazine, derive., 218 
1,3,4-Thiadiazole, 2,5-bis(meth- 
ylthio)-, 245 

2- Thiazolecarbamic acid, dithio-, 

triethylamine salt, 215 

3- TbiazolidiDeacetic acid, 4-oxo-2- 

thioxo-, 236 

2-Thiazoline-2-thiol, 218 
Thio acidsj llff 
—, aromatic, 22-23 
—, and derivs., physical properties 
of, 58# 

—, dibasic, 21-22 
—, dibasic, esters, boiling and melt¬ 
ing points of, 62 
—, esters, 24-37 

—, —, biological importance of, 
35-36 

—, —, boiling-points of, 58 
—, —, chlorination of, 34 
—, —, eutectic mixtures of, 35 
—,—, oxidation of, 34 
—, —, perfluoro derivs., 35 
—, —, pharmacological activity of, 
36 

—, —, reduction of, 34 
—,—, transesterification of, 32-33 
—, —, uses of, 35 

—, hydrazides and semicarbazones 
from, 40 

—, hydrolysis of, 31-32 
—, perfluoro, S-esters, 69 
—, reactions of, 31-35 
—, reactions with amines, 48 
Thioacylation, 48 
Thio amides, 40,45-58 
—, alkoxy derivs., 47,87-88 


Thio amides, a-amino derive., reac¬ 
tions of, 56 

—, esterification to dithio esters, 42 
—, eutectic mixtures with amides, 
56 

—, hydroxy derivs., 87 
—, physiological properties of, 58 
—, poly-, 47 

—, of poly basic acids, 89-91 
—, polymeric, 48 

—, properties and reactions of, 52- 
58 

Thioanhydrides, of carbamic and 
carbonic acid derivs., 149 
—, physical properties of, 261 
Thiocarbonic acids, and derivs., 
131# 

Thiocarbonyl fluoride, 417 
Thiocoumarin, 37 
Thiocyanic acid, esters, reactions 
with thioacetic acid, 17 
Thiohydrazides, 91-92 
Thioimido acids, esters, 74-75 
—, esters, reactions with H 2 S, 41 
Thiolurethans, 198-201 
Thionex, 253 

Thiono acids, esters, 36-37 
—, lactones, 37 
Thionurethans, 201-208 
—, reactions of, 204-208 
Thiophenol, and derivs., thiocar- 
bamates, 265 
—, esters, 29 

—, Friedel-Crafts acetylation of, 
29 

—, reaction with phthalic anhy¬ 
dride, 31 

Thiophosgene, 415-419 
—, dimer, 419 
—, preparation of, 416 
—, properties of, 416-417 
—, reactions of, 417 
—, —, with alcohols and alkoxides, 
138-139 

—,—,with mercaptans, 174-175 
Thiosan, 254 
Thiourethans, 201-208 
Thiuram, the term, 246 
Thiuram compounds, physiological 
properties of, 255-256 
Thiuram disulfide, carboxymethyl-, 
derivs., 254 





436 


Index 


Thiuram disulfide, diethylene-, as 
fungicide and insecticide, 254 
—, dimorpholine-, as fungicide, 254 
—, tetraethyl-, 247 
—, —, physical properties of, 262 
—, tetramethyl-, 247 
—, —, as pesticide, 254-255 
—, —, physical properties of, 262 
—,—, phj’siological properties of, 
255 

Thiuram disulfides, 246-250 
—, physical properties of, 262- 
263 

Thiuram monosulfides, 250-251 
Thiuram polysulfides, 251-252 
—, as vulcanization accelerators, 
253-254 

Thiuram sulfides, 246-256 
—, detection of, 252 
—, physical properties of, 252-253, 
261-262 

Thiuram tetrasulfides, 251-252 
Thiuram trisulfide, diethylene-, as 
fungicide and insecticide, 254 
—, dimorpholino-, 248 
Thiuram trisulfides, 251-252 
Toluamide, thio-, and A^-derivs., 
85 

p-Toluamide, thio-, 50 
a,a-Toluenedithiol, diacetate, 17 
Toluic acid, isomers, esterification 
of ethyl mercaptan by, 26 
o-Toluic acid, a,a'-dithiodi-, 23 
p-Toluic acid, thio-, 0-esters, 77 
Triboluminescence, 180 
Trimethylene dimercaptan, 
bis(thioacetate), 28 
Trimethylsulfonium iodide, 34 
Trisullide, acetyl ethyl, 19 
—, acetyl 2-naphthyl, 19 
—, acetyl phenyl, 19 
—, bis ( 1 -aziridinylthiocarbonyl) -, 
as fungicide and insecticide, 
254 

—, bis(morpholinothiocarbonyl), 
248 

—, bis (phenylacetyl), 23 
—, bis(thiobenzoyl), 41 
—, bis(thiocarbamoyl), derivs., 
251 

Tiiads, 253 


U 

Undecanoic acid, 11-mercapto-, S- 
ester with thiocarbamic acid, 
264 

Urea, carbonic acid comparison 
with, 133 

—, carbonyl sulfide from CS 2 and, 
387 

—, formation from NH 3 and COS 
or CS 2 , 197 

—, manufacture from COS and 
NH,, 396 

—', l,3-bis(hydroxymethyl)-, es¬ 
terification by thioacetic acid, 
25 

—, thio-, alkyl derivs., from thio- 
phosgene, 418 

—, —, thionocarbonic acid com¬ 
parison with, 133 

V 

Valeramide, thio-, A^-derivs., 83 
Valeric acid, ythiolactones, 29 
—, 2 -methylthio-, d- and l-, 20 
Valine, V,V-diglycyl-, 17 
—, thio-, 21 

Vinyl mercaptan, 2,2-diphenyl-l- 
(phenyl thio)-, 42 

Vulcanization, of rubber. See Rub¬ 
ber. 

W 

Weed control, dithiocarbamates in, 
243 

Willgerodt reaction, thioamide for¬ 
mation in, 50 

X 

Xanthic acid, benzyl-, derivs., 
esters, 192 

—, bornyl-, esters, 193 
—, butjd, esters, 190 
—, (carboxymethyl)-, and derivs., 
esters, 192-193 
—, cholesteryl-, esters, 193 
—, cyclohexyl-, derivs., esters, 191 
—, ethyl-, derivs., 161;^ 

—,—, esters, hydrolysis of, 165- 
166 
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Xanthic acid, ethyl-, esters, phys¬ 
ical proi^rties of, 188-lW 
—,—, potassium salt, reaction of, 
149 

—, —, and salts, physical prop¬ 
erties of, 183-184 
—, isopentyl-, esters, 190-191 
—, menthyl-, esters, 193 
—, methyl-, esters, 187-188 
—,—, and salts, 183 
—, pentyl-, esters, 190 
—. propyl*, esters, 190 
—, —, salts, 184 

Xanthic acids and Xanthates, 139j5f 
—, in analysis, 156-159 
—, benzyl, ethyl and methyl esters, 
free acids, 144 
—, bornyl ester, 143,145 
—, from carbonyl sulfide and alco¬ 
holic KOH, 396 

—, cellulose ester. See Cellidose 
xanthate. 

—, copper salts, 145-146 
—, cyclic tetramethylethylene 
ester, 149 

—, definition of, 161 
—, detection and determination of, 
158-159 

—, dixanthogens from iodine and, 
151 

—, esters, 161-170 
—, —, ammonolysis of, 166 


Xanthic acids and Xanthates, es¬ 
ters, mercaptans from, 166- 
167 

—,—, phosphorescence of, 180 
—, —, with polyhydric alcohols, 
143 



—, pyrolysis of, 168-169 
—, reactions of, 165-169 
—, reactions with NH 3 and 
amines, 202 
—, with terpineol, 143 
—, uses of, 169-170 
ethyl ester, decompn. of, 144 
hexadecyl and octadecyl esters, 
142 


—, history of, 140 
—, 2 -hydroxy-l-methylpropyl 
ester, cyclic carbonate from, 
149 


, menthyl ester, 143 
physical properties of, 183-185 
preparation of, HljJf 
, reactions of, 148-149 
.salts, 145-148 

.structure of metal salts of, 132 
. uses of, 150^151 
Xanthogen, 140 . * 

Xanthogenamides, definition of, 
202 


z 

Zerlate, 228 




